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ABSTRACT 
 
This research is part of a larger, long-term assessment of South Carolina’s 
wadeable streams funded by the South Carolina Department of Natural Resources 
entitled the “South Carolina Stream Assessment Project”.  Biological, physical, and 
chemical data were collected for this project during the summer seasons of 2006 and 
2007.  The purpose of this research was to identify relationships among land use, 
sedimentation, organic substrate, and fish assemblages in three South Carolina coastal 
plain ecobasins.  An additional focus was to determine if South Carolina coastal plain 
ecobasins were similar enough in species composition, environmental variables, land use, 
and measured fish metrics to be aggregated as a single sampling unit for the purpose of 
future analyses.  The primary findings of this research indicated that as natural forested 
coastal plain landscapes are lost and replaced by human dominated landscapes, declines 
are seen in the occurrence of large organics, and cumulatively these terrestrial and habitat 
disturbances result in the decreased integrity of coastal plain fish assemblages.  Results of 
this study strongly suggested that future coastal plain ecological management plans 
should focus on the maintenance of forested landscapes, particularly at the riparian scale.  
In addition, results indicated that coastal plain ecobasins showed extensive similarities in 
land use, in-stream habitat variables, and fish composition, and future studies should treat 
coastal plain ecobasins as a single sampling unit. 
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CHAPTER 1 
 
PREFACE  
 
Introduction 
This project is a component of a larger, long-term assessment of South Carolina’s 
wadeable streams.  Several goals of this long-term project are to conduct landscape-based 
assessments in order to evaluate threats to aquatic resources, and to communicate current 
aquatic resource status.  The ultimate intent is to recommend resource conservation 
strategies that promote the long-term sustainability of South Carolina’s native aquatic 
fauna and aquatic resources.  The component of the long term assessment discussed in 
this thesis examines relationships among land use, in-stream suspended sediment and 
substrate, and the unique fish assemblages of South Carolina’s coastal plain.  
 This thesis is divided into three separate research projects that examine 
relationships among land use, substrate, and fish assemblage structure within South 
Carolina’s coastal plain.  The first project (chapter 2) evaluates the relationships among 
land use, suspended sediment, inorganic substrate, and organic substrate within three 
South Carolina coastal plain ecobasins.  An ecobasin is a sampling unit based on drainage 
basin and level IV ecoregion.  The second project (chapter 3) evaluates the impacts of 
both land use and substrate on fish assemblage structure in the three coastal plain 
ecobasins.  The third project (chapter 4) examines if the three coastal plain ecobasins can 
be aggregated as a single sampling unit for future projects. 
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Conceptual Background 
The identification and prediction of land use impacts on in-stream environments 
and biological community structure constitutes as an essential component of ecosystem 
resource management (Karr 1991, Richards et al. 1996).  At the watershed scale, in-
stream environments are shaped by natural conditions of geology, terrestrial hydrology, 
climate, vegetation, and elevation (Johnson and Gage 1997, Crosbie and Chow-Frasier 
1999), simultaneously; in-stream conditions are also shaped by anthropogenic influences 
of land use and environmental disturbances.  Because stream ecosystems are so tightly 
linked with their terrestrial watersheds, anthropogenic disturbances of land surfaces often 
lead to disturbances within their corresponding aquatic ecosystems (Wang et al. 2000, 
Wang 2003, Zimmerman et al. 2003).  Conceptually, watershed and riparian land 
disturbances can affect in-stream conditions in any of the following ways: by changing 
flow regime, energy sources, water quality, and physical structure.  In turn, alterations of 
in-stream conditions can stimulate changes in the life-history and biotic interactions of 
organisms, and ultimately may alter biological community structure (Karr 1991).   
Many streams in South Carolina’s coastal plain have been dramatically altered by 
anthropogenic land-use activities.  These activities include the clearing of both 
watersheds and riparian zones for agrarian/silviculture practices, and the channelization 
of streams for irrigation and stormwater management.  More recently, land has been 
developed for urban use in many areas.  These types of anthropogenic alterations tend to 
simplify in-stream conditions by reducing habitat complexity; including reduced 
variation in substrate composition, flow rate, and depth (Downes et al. 2006).  As the 
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abiotic in-stream environment becomes degraded and less complex, fish assemblages can 
become more uniform and less bio-diverse (Miller et al. 1989, Jones et al. 1999, Scott 
and Helfman 2001). While the repercussions of anthropogenic environmental 
disturbances are numerous, the focus of this study is the effects of land use on suspended 
sediment, inorganic substrate and organic substrate, and subsequently on fish assemblage 
structure.  
This research project has divided substrate into two categories; inorganic substrate 
and organic substrate.  Inorganic substrate was further examined as deposited sediment 
and suspended sediment.  Increased inorganic deposited sediment and inorganic 
suspended sediment resulting from land disturbances can alter both stream ecosystems 
and stream fish assemblage structure (Waters 1995).  For example, anthropogenically 
introduced deposited sediment can lead to a loss of habitat complexity and the creation of 
unstable streambeds dominated by sand slugs (Downes et al. 2006).  In addition, 
suspended sediments can alter in-stream chemical and physical conditions (Waters 1995).  
In turn, inorganic sedimentation can have a wide variety of lethal and sub-lethal effects 
on stream fishes, ranging from mortality to reduced reproductive success, decreased 
foraging capacity, and physiological stress (Newcombe and Jensen 1996).  At the 
community level, changes in in-stream conditions resulting from sedimentation are often 
accompanied by significant alterations in fish composition and loss of diversity (Berkman 
and Rabeni 1987).  Numerous studies have contributed to the growing body of evidence 
which suggests that anthropogenically induced sedimentation plays a role in the 
alteration/biotic reorganization of stream fish assemblages, primarily by community 
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alteration/loss of benthic species (Sutherland et al. 2002, Rabeni and Smale 1995, 
Burkhead and Jelks 2001).   
Disturbances of land surfaces can also change the organic substrate composition 
of streams.  In the coastal plain, throughout the past 300 years, watersheds and riparian 
zones have been cleared, grazed and farmed. In many cases, these types of land clearing 
practices have led to reductions in coarse organic input (Lester et al. 2007). Numerous 
studies have emphasized the link between land use and coarse organic substrate 
availability (woody debris), and noted the importance of organic woody debris for fishes 
(Dolloff 1993, Johnson et al. 2003, Crook and Robertson 1999).  In fact, some research 
has postulated that woody debris may be more important to coastal plain streams because 
shifting sand substrates otherwise provide few stable habitats for fish and their 
macroinvertebrate food sources (Benke et al. 1985).   
Organic woody debris contributes to the physical variation of in-stream 
environments.  Physical habitat complexity has been related to the amount of wood 
present in the channel for soft-bottomed streams (Sheilds and Smith 1992), so wood 
density could be considered a surrogate for habitat complexity in coastal plain stream 
systems.  Wood helps to create areas of sediment scouring and aggradation arising from 
altered flow and velocity patterns (Leopold et al. 1964). This process of scouring and 
aggradation increases variation in stream depth, which may be a particularly important 
factor in fish distribution and abundance (Bond and Lake 2003). In addition, increased 
physical habitat complexity is known to support more biologically diverse and stable 
assemblages (Gorman and Karr 1978, Jones et al. 1999).  Woody debris provides a wide 
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variety of physical habitats for a wide variety of organisms.  It acts as a direct food source 
and in coastal plain streams and rivers; it is associated with higher richness, biomass and 
abundance of macroinvertebrate food sources (Smock et al. 1985, Benke et al. 1985, 
O’Conner 1991). 
Nearly all studies in the southeastern U.S. concerning the impacts of land use on 
in-stream conditions and/or on stream fish assemblage structure have been conducted in 
the Blue Ridge and the Piedmont region of the Appalachian mountain chain.  Few 
southeastern studies concerning land use change and subsequent effects on stream habitat 
(substrate alteration) and fish assemblages have been conducted outside of the diverse 
Blue Ridge and Piedmont, with a dramatic decrease in available information as one 
travels through the Piedmont to the Coastal Plain.  The priority of this study was to 
examine the relationships among watershed and riparian land use, substrate, and fish 
assemblage structure within South Carolina’s coastal plain.  This study assumes that 
similar relationships among land disturbances, substrate and fish assemblage structure 
exist in South Carolina’s coastal plain as exist in the ecological models established in 
other geographic areas and tests a specific series of questions concerning those 
relationships. 
South Carolina Coastal Plain Background 
The South Carolina coastal plain has a land use history rich in agriculture and 
timber harvesting/silviculture (USFS 2002).  The region was among the first in North 
America to be colonized and impacted by European settlers.  Forest clearing for the 
means of timber harvest and for the development of agricultural land began in the 1700’s 
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and intensified in the late 1800’s and early 1900’s, leaving riparian zones and even entire 
stream watersheds barren (Benke and Cushing 2005). The Southeastern coastal plain 
suffered tremendous erosion losses during this time of intense land clearing, termed the 
‘cotton era’ (1830-1930; Bennett 1931).  Much of the eroded soil ended up in the 
streams, rivers and valley bottoms.  Knowledge of previous land use activities is 
significant because past land use can influence present day conditions of stream health 
and biotic diversity.  In some cases, historic land use data may even be more useful than 
present land use data in predicting taxonomic diversity of aquatic fauna (Harding et al. 
1998).    
While much of South Carolina’s landscape still remains devoted to forestry and 
agriculture, there has been a recent growing trend of land conversion to 
developed/urbanized areas due to increased population size (SCDNR 2005).  As land use 
changes throughout the state, new conservation challenges become evident in freshwater 
fish communities.  Human activities throughout the landscape threaten the ecological and 
biological integrity of aquatic ecosystems, impacting habitat, water quality, and 
biological assemblages cumulatively through numerous and complex pathways (Allan 
2004, Strayer et al. 2003, Angermeier and Karr 1994).    
The South Carolina coastal plain streams sampled for this project were primarily 
blackwater streams which are associated with swamps and low-gradient areas.  These 
types of streams are typically low in pH, alkalinity, conductivity and dissolved oxygen, 
have low flows, and a shifting sand/organic debris substrate (Smock et al. 1985).  It has 
been suggested that in general, blackwater streams may be less productive in their 
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abundance of both fish and macroinvertebrates (Smock et al. 1985).   As mentioned 
previously, many of these streams have been anthropogenically altered and channelized 
over time for agricultural, silvicultural or for other human needs. 
Project Background 
South Carolina has been divided into 30 ecobasins, a sampling unit based on 
unique combinations of ecoregion and drainage basin.  This study includes 3 coastal plain 
ecobasins, the ACE Carolina Flatwoods (n=36), the Pee Dee Carolina Flatwoods (n=23), 
and the Pee Dee Atlantic Southern Loam Plains (n=20; figure 1-1).  The number of 
streams sampled in each ecobasin was based on the proportion of land that a particular 
ecobasin encompassed within the state.  Sites were systematically selected from the 
South Carolina Department of Natural Resources (SCDNR) stream conservation planning 
project’s randomly generated data base of potential sample sites. Streams varied in 
watershed area (1.15km²-99.8km²). Sampling was conducted May-August of two 
sampling seasons (2006-2007).  The South Carolina Department of Natural Resources 
standard operating procedures for the conservation planning project were followed.   
Study Ecobasins 
ACE Carolina Flatwoods 
 The ACE river basin (Ashley-Combahee-Edisto) drains the Ashley, Cooper, 
Edisto, Combahee, Coosawhatchie and New River, and it drains 26 percent of South 
Carolina at the rate of 5 billion gallons per day (SCDNR 2005).  The ACE Carolina 
Flatwoods is the largest ecobasin in South Carolina, encompassing nearly 14% of the 
state’s total expected land area containing freshwater.  It is also the only ecobasin in 
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South Carolina in which all rivers that it drains begin entirely within the coastal plain.  
There were a total of 36 sampling sites in the ACE Carolina Flatwoods. 
The ACE basin has a largely undeveloped landscape consisting of extensive 
upland hardwood and pine forests, and floodplain bottomland hardwood forests (MRII et 
al. 2007).  The forests of the ACE Basin provide an important ecological and economical 
resource within the region.  In fact, forestry efforts, which are primarily directed at 
growing loblolly and shortleaf pines, account for over 43 million dollars/year of revenue.  
The most recent anthropogenic processes shaping the ACE Basin landscape include 
timber harvesting, agriculture, land conversion for development, channel development 
and the filling of wetlands/floodplains.  Projected population increases in the ACE Basin 
will undoubtedly lead to human-induced stress on its ecosystem. The population of the 
ACE Basin is centered the four cities of Orangeburg, Walterboro, Cottageville, and 
Edisto Beach.  Each of these areas have differing growth potentials (with the higher 
growth potentials closer to the coast), however, all are becoming increasingly impacted 
by both urban and suburban developments. 
Pee Dee Carolina Flatwoods 
The Pee Dee river basin includes the Pee Dee, Lynches, Little Pee Dee, Black, 
Waccamaw and Sampit rivers, and drains 25 percent of South Carolina at the rate of 10.5 
billion gallons per day (SCDNR 2005).  The Pee Dee Flatwoods ecobasin comprises 
approximately 11% of the states total predicted land area containing freshwater.  There 
were 23 sampling sites in the Pee Dee Carolina Flatwoods.  The Flatwoods are natively 
comprised of primarily pine-dominated forests, grasslands or early successional habitat, 
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and river bottoms.  In general, the South Carolina Pee Dee river basin has been 
predominately used for agriculture since settlement by Europeans in the 18th century.  
The Pee Dee Flatwoods remains primarily rural in many areas, but is also rapidly 
urbanizing, particularly along the coast and along main vehicle thoroughfares leading to 
the coast.  There are many high growth potential areas such as land surrounding Conway, 
Aynor, and other areas of Horry County (SCDHEC 1998).   
Pee Dee Atlantic Southern Loam / Southeastern Flood Plains 
The Pee Dee Atlantic Southern Loam Plains ecobasin comprises approximately 
11% of the states total predicted land area containing freshwater.  There were a total of 
20 sampling sites in the Pee Dee Atlantic Southern Loam Plains.  The Pee Dee Atlantic 
Southern Loam plains are predominately rural with much land in agrarian use.  Dominant 
crops are tobacco, soybean, cotton, and corn.  Urban growth potential is mostly low to 
moderate, however areas surrounding Sumter, Darlington, and Bishopville and major 
thoroughfares have moderate to high growth potential  (SCDHEC 1998).  Many counties 
in the Pee Dee River Basin lack county wide zoning ordinances; therefore, there is little 
local regulatory power to influence the direction or magnitude of regional growth. The 
majority of municipalities have zoning ordinances in place; however, much of the growth 
takes place just outside the municipal boundaries.  
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Objectives 
The following questions were addressed in order to assess the relationships among land 
use, substrate, and fish assemblages in South Carolina’s coastal plain streams.  
Chapter Two 
1) Which land use categories are most useful in predicting the observed suspended 
sediment, inorganic substrate, and organic substrate composition of three coastal plain 
ecobasins? 
2) What are the relationships among current (2001) land use, suspended sediment, 
inorganic substrate, and organic substrate within the three individual coastal plain 
ecobasins?  Is current watershed land use or current riparian 100m buffer land use a 
better predictor of sediment/substrate variables? 
3) Is watershed or riparian 100m buffer land use change over time (1992-2001) a better 
predictor of suspended sediment, inorganic substrate, and organic substrate than current 
(2001) land use? 
Specific questions tested (all tested while controlling for natural gradients of 
elevation and watershed area): 
- Can water column measures of sedimentation (turbidity and inorganic TSS) 
be predicted by watershed land use or by 100 m stream buffer land use? 
- Can inorganic substrate (median particle size D50) be predicted by watershed 
land use or by a 100 m stream buffer land use? 
- Can organic substrate categories (or some combination of categories) be 
predicted by watershed land use or by 100 m stream buffer land use? 
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Chapter Three 
What are the relationships among urban and forest land use, organic substrate 
composition, and fish assemblage structure within the three individual coastal plain 
ecobasins? 
Specific hypothesis tested (all tested while controlling for natural gradients of 
elevation and watershed area): 
- Can species, richness, Shannon diversity, or composition (relative 
abundance) be predicted by substrate or by watershed or 100 m stream buffer 
land use? 
- Can endemic abundance (restricted range relative abundance) be predicted 
by substrate or by watershed or 100 m stream buffer land use? 
- Can guild breadth be predicted by substrate or by watershed or 100 m stream 
buffer land use? 
Chapter Four 
Can coastal plain ecobasins be aggregated as a single sampling unit for the purpose of 
predicting the relationships among land use, suspended sediment, inorganic substrate, 
organic substrate, and fish assemblage composition?  
Specific question tested: 
- Do the three South Carolina coastal plain ecobasins display enough 
similarities in species composition (relative abundance), environmental 
variables, land use, and measured fish metrics to be aggregated for the 
purpose of future statistical analyses?  
 11
Literature Cited 
 
Allan, J. 2004. Landscapes and riverscapes: the influence of land use on stream 
ecosystems. Annual Review of Ecological Evolutionary Systems. 35: 257-284. 
 
Angermeier, P., and Karr, J. 1994. Biological integrity versus biological diversity as 
policy directives. BioScience. 44 (10): 690-697. 
 
Berkman, H., and Rabeni, C., 1987. Effect of siltation on stream fish communities. 
Environmental Biology. 18: 285-294. 
 
Burkhead, N. and Jelks, H. 2001. Effects of suspended sediment on the reproductive 
success of the tricolor shiner, a crevice-spawning minnow. Transactions of the American 
Fisheries Society. 130:959-968. 
 
Benke, A., Henry, R., Gillespie, D., and Hunter, R. 1985. Importance of snag habitat for 
animal production in Southeastern streams. Fisheries. 10(5):8-13. 
 
Benke, A., and Cushing, C. 2005. Rivers of North America. Elsevier/Academic Press. 
Boston, Massachusetts. 
 
Bennett, H. 1931. The problem of soil erosion in the United States. Annals of the 
Association of American Geographers. 21 (3): 147-170. 
 
Bond, N. and Lake, P. 2003. Characterizing fish-habitat associations in streams as the 
first step in ecological restoration. Austral Ecology. 28:611-621. 
 
Crosbie, B., and Chow-Fraser, P. 1999. Percentage land-use in the watershed determines 
the water and sediment quality of 22 marshes in the Great Lakes basin. Canadian Journal 
of Fisheries and Aquatic Science. 56: 1781-1791. 
 
Crook, D. and Robertson, A. 1999. Relationships between riverine fish and woody 
debris: implications for lowland rivers. Marine and Freshwater Research. 50:941-953. 
 
Dolloff, C. 1993. Large woody debris, fish habitat, and historical land use. In 
Biodiversity and Coarse Woody Debris in Southern Forests: Proceedings of the 
Workshop on Coarse Woody Debris in Southern Forests: Effects on Biodiversity, ed. 
McMinn, J. and Crossley, D. Southern Research Station, Asheville, NC.  
 
Downes, B., Lake, P., Glaister, A., Bond, N. 2006. Effects of sand sedimentation on the 
macroinvertebrate fauna of lowland streams: are the effects consistent? Freshwater 
Biology. 51:144-160. 
 
 12
Gorman, O., and Karr, J. 1978. Habitat structure and stream fish communities. Ecology.   
59(3): 507-515. 
 
Harding, J., Benfield, E., Bolstad, P., Helfman, G., and Jones B. 1998. Stream 
biodiversity: the ghost of land use past. Procedures of the National Academy of Science. 
95: 14843-14847. 
 
Johnson, L., and Gage, S. 1997. Landscape approaches to the analysis of aquatic 
ecosystems. Freshwater Biology. 37: 113-132. 
 
Johnson, L., Breneman, D., Richards, C. 2003. Macroinvertebrate community structure 
and function associated with large wood in low gradient streams. River Research and 
Applications. 19: 199-218. 
 
Jones, E., Helfman, G., Harper, J., Bolstad, P. 1999. Effects of riparian forest removal on 
fish assemblages in southern Appalachian streams. Conservation Biology. 13(6):1454-
1465. 
 
Karr, J. 1991. Biological Integrity: a long-neglected aspect of water resource 
management. Ecological Applications. 1(1): 66-84. 
 
Lester, R., Wright, W., Jones-Lennon, M. 2007. Does adding wood to agricultural 
streams enhance biodiversity? An experimental approach. Marine and Freshwater 
Research. 58: 687-698. 
 
Leopold, L., Wolman, G., and Miller, J. 1964. Fluvial Processes in Geomorphology. 
Dover Publications, Inc. Mineola, New York. 
 
Miller, R., Williams, J.D. and Williams, J.E. 1989. Extinctions of North American fishes 
during the past century. Fisheries. 14:22-38. 
 
MRRI / NOAA CSC. 2007. ‘ACE Basin Executive Summary’. 
<http://www.dnr.sc.gov/marine/mrri/acechar/execsum.htm> 
 
Newcombe, C., Jensen, J.1996 Channel suspended sediment and fisheries: a synthesis for 
quantitative assessment of risk and impact. North American Journal of Fisheries 
Management. 16(4): 693-727. 
 
Richards, C., Johnson, L., and Host, G. 1996. Landscape-scale influences on stream 
habitats and biota. Canadian Journal of Fisheries and Aquatic Science. 53(Supplement 1): 
295-311. 
 
Rabeni, C. and Smale, M. 1995. Effects of siltation on stream fishes and the potential 
mitigating role of the buffering riparian zone. Hydrobiologia. 303: 211-219. 
 13
Scott, M. and Helfman, G. 2001. Native invasions, homogenization, and the mismeasure 
of integrity of fish assemblages. Fisheries. 26(11): 6-15. 
 
Sutherland, A., Meyer, J., and Gardiner, E. 2002. Effects of land cover on sediment 
regime and fish assemblage structure in four southern Appalachian streams. Freshwater 
Biology. 47: 1791-1805. 
 
Smock, L., Gilinsky, E., Stoneburner, D. 1985. Macroinvertebrate production in a 
southeastern United States blackwater stream. Ecology. 66(5): 1491-1503. 
 
SCDNR. 2005. South Carolina Comprehensive Wildlife Conservation Strategy.   
 
SCDHEC. 1998. Water Quality Assessment Survey: Pee Dee River Basin. SCDHEC 
Bureau of Water, Columbia, SC.   
 
Shields, F. And Smith, R. 1992. Effects of large woody debris removal on physical 
characteristics of a sand-bed river. Aquatic Conservation: Marine and Freshwater 
Ecosystems. 2(2): 145-163. 
 
Strayer, D., Beighley, R., Thompson, L., Brooks, S., Nilsson, C. 2003. Effects of land 
cover on stream ecosystems: roles of empirical models and scaling issues. Ecosystems. 6: 
407-423. 
 
USFS. 2002. Ecoregions of South Carolina: regional descriptions. 
<ftp://ftp.epa.gov/wed/ecoregions/nc_sc/sc_eco_desc.doc> 
 
Wang, L., Lyons, J., Kanehl, P., Bannerman, R., Emmons, E. 2000. Watershed 
urbanization and changes in fish communities in southeastern Wisconsin streams. Journal 
of the American Water Resources Association. 36: 1173-1189. 
 
Wang, L., Lyons, J., Rasmussen, P., Seelbach, P., Simon, T., Wiley, M., Kanehl, P., 
Baker, E., Niemela, S., Stewart, P. 2003. Watershed, reach, and riparian influences on 
stream fish assemblages in the Northern Lakes and Forest Ecoregion, U.S.A. 60: 491-
505. 
 
Waters, T. 1995. Sediment in streams, sources, biological effects and control. American 
Fisheries Society, Maryland.  
 
Zimmerman, J., Vondracek, B., Westra, J. 2003. Agricultural land use effects on 
sediment loading and fish assemblages in two Minnesota (USA) watersheds. 
Environmental Management. 32(1): 93-105. 
 
 
 14
 
 
Pee Dee  
Carolina 
Flatwoods 
ACE Carolina 
Flatwoods 
Pee Dee Atlantic 
Southern Loam 
Plains 
Figure 1-1. Map of three South Carolina Coastal Plain Ecobasins.  Sample site 
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CHAPTER 2 
 
THE EFFECTS OF LAND USE ON SUSPENDED SEDIMENT, INORGANIC 
SUBSTRATE, AND ORGANIC SUBSTRATE 
 
 
Introduction 
Stream environments and ecosystems are tightly linked with their terrestrial 
watersheds.  Natural processes operating at multiple landscape scales interact to form 
stream networks and habitat conditions.  At the watershed scale, in-stream environments 
are shaped by natural conditions of geology, terrestrial hydrology, climate, vegetation, 
and elevation (Johnson and Gage 1997, Crosbie and Chow-Frasier 1999), simultaneously; 
in-stream environments are also shaped by anthropogenic influences of land use and 
environmental disturbances.  Many streams in South Carolina’s coastal plain have 
historically been dramatically altered by anthropogenic land use activities related to 
agriculture and timber harvesting.  More recently, there has been a growing trend of land 
conversion and development for urban use (SCDNR 2005).  It is well documented that 
anthropogenic land use activities such as agriculture and urbanization can increase both 
inorganic suspended sediment and deposited bed sediment of stream networks (Waters 
1995).  In addition, anthropogenic land use disturbances can remove organic wood 
sources without instigating a naturally expected pulse of wood to streams, potentially 
altering the organic substrate composition of streams (Swanson 2003).  Anthropogenic 
land disturbances that result in increased sedimentation and decreased large organic 
debris tend to reduce water quality, and simplify in-stream conditions by reducing habitat 
complexity; including reduced variation in substrate composition, flow rate, and depth 
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(Downes et al. 2006, Wheeler et al. 2005).  Of ultimate concern is that as the abiotic in-
stream environment becomes degraded and less complex, biotic community composition 
and abundance can change, assemblages can become more uniform and less biodiverse 
(Miller et al. 1989, Jones et al. 1999, Scott and Helfman 2001, Stauffer et al.  2000). 
The primary goal of this research project was to determine the relationships 
among land use, suspended sediment, inorganic substrate, and organic substrate within 
three South Carolina coastal plain ecobasins.  Recent advances and availability of spatial 
data has allowed researchers to utilize spatial data in Geographic Information Systems 
(GIS) to identify land use at given spatial scales.  The first objective of this project was to 
use a GIS to identify current (2001) categories of land use within both watersheds and 
100m riparian buffer zones of sample sites within individual coastal plain ecobasins, and 
to determine which individual or combination of land use categories were useful in 
predicting the effects of land use on suspended sediment, inorganic substrate and organic 
substrate within individual ecobasins. 
Locally, anthropogenic influences at both the watershed and riparian scale can 
directly affect water quality and in-stream habitat conditions (Urban et al. 2006).  Studies 
that have examined watershed versus riparian buffer land use influences have often 
resulted in conflicting results, suggesting that land use influences may be regionally 
specific in nature (Snyder et al. 2003).  Therefore, the second objective of this study was 
to examine three individual South Carolina coastal plain ecobasins to determine whether 
current watershed land use, or current riparian 100m buffer zone land use had more 
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influence over observed in-stream inorganic and organic sediment/substrate conditions of 
sample sites.   
A potentially confounding factor to this type of study is the influence of historical 
land use or legacy effects.  Legacy effects are the impacts of past land-use activities 
which may lead to long-term modifications of environmental conditions for extensive 
periods of time after the initial disturbance impacts (Harding et al. 1998).  South Carolina 
coastal plain landscapes have undergone dramatic land use activity over the past 300 
years, ranging from the harvest of timber, cultivation of land for agriculture, and most 
recently land development for urban use.  Unfortunately, it can be very difficult to 
quantify the impacts of legacy effects, particularly when long term spatial, 
environmental, and biological data are unavailable.  However, from a conceptual 
standpoint, it remains important to think about disturbances over a spectrum of time 
rather than at a specific point in time.  Therefore, the third objective of this study was to 
examine watershed land use and stream riparian buffer land use change over time (1992-
2001) to determine if land use change over time may be a better predictor of present day 
in-stream suspended sediment, inorganic substrate and organic substrate conditions than 
present day land use conditions are.   
Background 
Landscape-influence Assessments 
Landscape-influence assessment models that recognize the stream and land as a 
complex and integrated whole have emerged as important frameworks for studying in-
stream habitat conditions, and the biotic integrity of stream fish assemblages (Allan et al. 
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1997, Angermeier and Karr 1994, Johnson and Gage 1997).  A landscape-influence study 
compares a response variable(s) (e.g. suspended sediment, inorganic substrate, organic 
substrate, fish assemblage composition), across multiple landscapes with different 
structures (e.g., land use patterns; Fahrig 2005, Brennan et al. 2002).  It answers the 
question, does the structure of the landscape in which this observation is embedded affect 
its value?   
When conducting landscape-influence assessments it is important to discern 
between the relative effects of anthropogenic land use versus natural landscape variations 
on in-stream conditions and fish assemblage structure (Allan 2004, McRae et al. 2004, 
Richards et al. 1996).    In part, to control for the relative effects of natural landscape 
features, the study has divided South Carolina into distinct ecobasins (a sampling unit 
stratified by the combination of ecoregion and unique river basin).  The ecobasins allow 
researchers to account for natural gradients in taxonomic composition and abiotic 
variables (geology, topography, hydrology, drainage basin, vegetation, water quality, 
etc).  In addition, this study has utilized statistical methods specifically designed to 
control for natural gradients of elevation and watershed area of individual sites within 
ecobasins.   
Inorganic Sedimentation: Suspended Sediment and Deposited Sediment Composition 
Where bare soils or disturbed land occurs, rainfall can detach inorganic soil 
particles and transport them into stream networks by overland flow (Beschta 1996).  In 
addition, destabilized banks, slopes, and impervious surfaces within a streams watershed 
can lead to mass wasting, in which a mass movement of soil, rock and organic debris 
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moves downslope by gravity (Waters 1995).  The amount of sediment flux into streams 
varies greatly over individual watersheds, due to the wide variety of natural factors that 
affect the erosional process (climate, soils, vegetation, precipitation, topography, 
geology, etc.; Waters 1995).  Sediment input is a naturally occurring phenomenon; 
however, excessive sediment can overwhelm and deteriorate stream ecosystems (Cairns 
1977, Petticrew et al. 2003).  The major anthropogenic sources of sediment are 
agriculture, forestry/deforestation, mining, road construction, and urban development 
(Waters 1995).  Worldwide, agricultural activities contribute the most sediment and are 
considered the leading anthropogenic source of aquatic system impairment (Pimentel and 
Kounang 1998, Crosbie and Chow-Fraser 1999, Zimmerman et al. 2003). In addition, 
many studies have linked reductions in forest cover to increased sediment transport and 
decreased stream habitat quality (Roy et al. 2005, Roy et al. 2006).  However, recent 
studies have shown that while urban streams comprise fewer river miles than agricultural 
streams, they may be more seriously degraded (Meyer et al 2005, Roy et al. 2003, Walsh 
et al. 2007).   
Inorganic sediment is biologically relevant in two primary forms, as suspended 
sediment and deposited sediment.  Fine inorganic suspended sediment particles are 
typically very small (< 0.1mm diameter) and require low water velocities or minor 
turbulence to remain in suspension.  The concentration of suspended sediment is of 
primary interest.  Deposited sediment results when coarser inorganic particles which are 
too heavy to remain in suspension deposit on the stream bed, but also can move along the 
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bottom of the channel by pushing, rolling or skipping (Allen 1995).  The size distribution 
of deposited sediment is of primary interest.  
Suspended Sediment 
Anthropogenic land disturbances such as agriculture, deforestation, urbanization, 
and land development practices can directly influence inorganic suspended sediment 
loads (Waters 1995).  Increased inorganic suspended sediment concentrations can alter 
light and thermal regimes and potentially reduce primary productivity (Wood and 
Armitage 1997).  Suspended sediment can have direct effects on individual fish behavior, 
physiological processes, foraging behavior/success, reproductive behavior/success, and 
mortality (Newcombe and Jensen 1996).   
Two common metrics for quantifying suspended sediments in streams are 
turbidity and total suspended solids (TSS).  Turbidity is a measurement of the amount of 
light scattered or absorbed by a sample of water, and is the most commonly used metric 
for quantifying suspended sediment in streams (Duchrow and Everhart 1971). Turbidity 
is expressed in nephelometric turbidity units (NTU).  Total suspended solids (TSS) is a 
measurement of the mass of suspended sediment per unit volume of sample and is 
expressed in units of mg/liter (Beschta 1996).  The TSS measurement can be further 
reduced to the organic and inorganic suspended sediment fractions.  The organic fraction 
of TSS represents the organic component of suspended solids, while the inorganic 
fraction is a measurement of inorganic suspended solids.   
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Deposited Sediment 
Deposited sediment consists of larger particles that do not remain in suspension, 
but become deposited by flowing water along the bed of the stream (Beschta 1996).  
Heavy depositions of fine sediments can lead to losses in habitat complexity and 
heterogeneity and the creation of an unstable stream bed (Downes et al. 2006).  A useful 
metric for determining the size majority of deposited particles is the median particle size, 
D50.  Knowledge of median particle size is useful, because in general, decreased median 
particle size may reflect problems of embeddedness, alterations in stream morphology by 
aggredation and decreases in pools/riffles, smothering of aquatic vegetation, increasing 
invertebrate drift food sources, and reducing available habitat for benthic 
macroinvertebrate food sources (Wood and Armitage 1997) 
Organic Substrate 
Organic debris in streams originates from both riparian buffer sources and upland 
watershed forests (Gurnell 2003).  However, in a relatively flat landscape such as found 
in the South Carolina coastal plain, it is expected that most organic debris is recruited 
primarily from riparian buffer land (Benke and Wallace 1990).  At a local scale, riparian 
stream buffer forest composition and successional attributes are controlled by factors 
such as land management and small-scale natural and anthropogenic disturbances (Boyer 
et al. 2003).  Likewise, local conditions influence the quantity and quality of 
allochthonous organic inputs (Osborne and Kovacic 1993). 
Of particular importance to small coastal plain streams are coarser organics such 
as large woody debris (Smock et al. 1985, Benke et al. 1985).  Large woody debris can 
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increase stream habitat heterogeneity and complexity by providing structure, altering 
flow patterns, by forming pools and by retaining organic matter (Cordova et al. 2007).  
Low gradient streams tend to have an abundance of fine benthic material, which because 
of low flows tends to distribute evenly, producing a relatively flat, homogenous benthos 
(Smock et al. 1985).  Woody debris can create flow constrictions, encouraging the stream 
to increase particle-sorting and scour, thereby increasing heterogeneity of depth, current, 
and substrate diversity (Wallace et al. 1993).  Increased heterogeneity of in-stream depth, 
current and substrate conditions directly impacts fish resource partitioning by increasing 
the availability of different types of habitat available to exploit (Dolloff 1993).  
Structurally complex habitats offer more opportunities for resource-partitioning and 
usually have a higher species richness and diversity than more homogenous habitats 
(Gorman and Karr 1978, Wootton 1998).  Resource partitioning reflects the difference in 
resource use (habitat, food, etc.) among species (Walter 1991, Wootton 1998). 
Objectives 
The objectives of this project were to answer the following questions: 
1) Which land use categories are most useful in predicting the observed suspended 
sediment, inorganic substrate, and organic substrate composition of three coastal plain 
ecobasins? 
2) What are the relationships among current (2001) land use, suspended sediment, 
inorganic substrate, and organic substrate within the three individual coastal plain 
ecobasins?  Is current watershed land use or current riparian 100m buffer land use a 
better predictor of sediment/substrate variables?  
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Specific questions tested (all tested while controlling for natural gradients of 
elevation and watershed area): 
- Can water column measures of sedimentation (turbidity and inorganic TSS) 
be predicted by watershed land use or by riparian100 m stream buffer land 
use? 
- Can inorganic substrate (median particle size d50) be predicted by watershed 
land use or by a riparian100 m stream buffer land use? 
- Can organic substrate categories (or some combination of categories) be 
predicted by watershed land use or by 100 m stream buffer land use? 
3) Is watershed or riparian 100m buffer land use change over time (1992-2001) a better 
predictor of suspended sediment, inorganic substrate, and organic substrate than current 
(2001) land use? 
Methods 
Study Sites 
South Carolina has been divided into 30 ecobasins, a sampling unit based on 
ecoregion and drainage basin.  This study includes 3 coastal plain ecobasins, the ACE 
Carolina Flatwoods (n=36), the Pee Dee Carolina Flatwoods (n=23), and the Pee Dee 
Atlantic Southern Loam Plains (n=20).  The number of streams sampled in each ecobasin 
was based on the proportion of land that a particular ecobasin encompassed within the 
state.  Sites were systematically selected from the South Carolina Department of Natural 
Resources (SCDNR) stream conservation planning project’s randomly generated data 
base of potential sample sites.  Streams varied in watershed area (1.15km²-99.8km²).  
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Sampling was conducted May-August of two sampling seasons (2006-2007).  The South 
Carolina Department of Natural Resources standard operating procedures for the 
conservation planning project were followed (SCDNR 2006).   
Land Use  
The U.S. Geological Survey (USGS) in conjunction with the Earth Resources 
Observation and Science (EROS) provide a single, easily accessed data portal which 
hosts standardized terrain and land cover data.  This site is termed the Seamless Data 
Distribution System (http://seamless.usgs.gov).  The USGS site hosts digital elevation 
models, and land cover data for 2001 and 1992.  USGS seamless digital elevation models 
and land cover data were utilized in ESRI’s ArcGIS v. 9.0 to a) delineate watersheds 
based on the entire drainage area upstream of sample locations, b) categorize watershed 
land use for 2001, c) categorize land use for a 100m riparian buffer for 2001, d) 
categorize watershed land use for 1992, e) categorize land use for a 100m riparian buffer 
for 1992.   In  addition, variables indicating land cover change over time for both 
watersheds and 100m riparian buffers were generated by subtracting 1992 land use 
categories from 2001 land use categories (% land use change = % 2001 land use - % 
1992 land use).  For the statistical analysis, only the 2001 land use variables and the 
percent land use change over time variables were used. 
USGS land cover data is produced by the Environmental Protection Agency’s 
(EPA) Multi-Resolution Land Characteristics Consortium (MRLC).  National land cover 
data (NLCD) are presently available only for 1992 and 2001. The NLCD distinguishes 16 
land cover class definitions for 2001, and 21 land cover class definitions for 1992 
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(www.epa.gov/mrlc/definitions).  For the purpose of this project, land cover classes were 
combined into 6 land use categories: open water, urban, forest, pasture/scrubland, 
agriculture (cultivated crops), and wetlands (appendix A).  All map layers were projected 
in the Universal Transverse Mercator (UTM) projection system (zone 17 N), using the 
North American 1983 datum. 
Water Column Measures of Sedimentation: TSS and Turbidity 
Suspended sediment was quantified by measuring turbidity and by collecting grab 
water samples to be analyzed for total suspended solids (TSS).  All 
measurements/samples were taken under baseflow conditions at the time of sample, prior 
to entering the stream.  Turbidity was recorded using a portable turbidimeter, a device 
that measures turbidity by recording its reflectance of white light, and records turbidity in 
nephelometric turbidity units (NTU).  TSS measurements were derived from a 500mL 
grab water sample taken at each site.  The grab water samples were sent to the SCDNR 
water chemistry lab for analysis of a suite of chemical parameters, including TSS.  Only 
the inorganic fraction of TSS (mg/l) measurements were used in data analysis. 
Benthic substrate measures: inorganic and organic substrate composition 
Benthic sediment composition was quantified using the ‘zig-zag’ method of 
habitat sampling (Bevenger and King 1995, Walters et al. 2003).  This method required 
traversing a random zig-zag longitudinal transect in a downstream to upstream direction 
along the sample reach.  A total of 50 individual measurements were taken that classified 
the substrate found at random points along the transect.  If the substrate was inorganic, 
then particle size was measured in millimeters at its intermediate axis.  Median particle 
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size (D50) was calculated from these measurements for each site (Allan 1995).  If the 
substrate was organic, it was classified into one of the following categories: 1) Fine 
Particulate Organic Matter (% FPOM), 2) Course Particulate Organic Matter (% CPOM), 
3) Fine Woody Debris (% FWD), 4) Large Woody Debris (% LWD), 5) Aquatic 
Vegetation (% AV) (appendix B). If one of the 50 random sampling points fell on a dry 
section of the stream, that particular point was recorded as ‘dry’ and the total sample was 
reduced by the number of ‘dry’ points. 
Data Analysis 
Land Use Variables Selection 
 Land use data for each ecobasin was comprised of 4 variables: 1) 2001 watershed 
land use, 2) 2001 100m riparian buffer land use, 3) percent watershed land use change 
(between 1992 and 2001), and 4) percent 100m riparian buffer land use change (between 
1992 and 2001).  Each of these 4 variables were further divided into percentages of 6 
categories of land use types: open water, urban, forest, pasture/scrubland, agriculture 
(cultivated crops), and wetlands.  Principle components analyses (PCA) were run on land 
use variables for each individual ecobasin  to determine if an observable land use 
disturbance gradient could be discerned.  PCA results were utilized in the decision 
making process to determine which individual or combination of land use categories 
should be used in linear regression models.  Land use variables determined to be 
important for use within linear regression models were compared by ecobasin using one-
way analysis of variance (ANOVA) to determine if differences in land use existed among 
ecobasins.  ANOVA results may be helpful in discerning relationships among land use 
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and suspended sediment, inorganic and organic substrate variables.  In addition, 
descriptive statistics were run on land use variables used in linear regression models 
among ecobasins to further aid in interpretation of results. 
Suspended Sediment, Inorganic Substrate, and Organic Substrate Variable Selection 
 Inorganic suspended sediment was evaluated using two metrics, turbidity and the 
inorganic fraction of TSS.  Descriptive statistics were calculated for both variables 
among ecobasins to determine if either variable encompassed sufficient variability in 
their distributions to be suitable for use in linear regression analysis.  Inorganic substrate 
deposition was evaluated by examining median particle size D50.  Descriptive statistics 
for D50 measurements were also calculated to determine if it was suitable for use in linear 
regression models.  Variables that lacked variability in descriptive statistics calculations 
(range and medians specifically) were excluded from analyses in fear of yielding spurious 
results.  Organic substrate was classified into one of five categories.  Principle 
components analyses were run on organic substrate variables to determine if a coarseness 
gradient could be observed.  Results aided in the determination of which organic 
substrate variables could be used in combination or individually in linear regression 
models. 
Linear Regression Models 
 A priori models were formed using the sediment/substrate metrics as dependent 
variables, and land use as predictor variables.  Pearson correlation matrices were run on 
predictor variables for each ecobasin to determine if they met multiple regression model 
assumptions of independence.  If Pearson correlations among variables exceeded 0.500, 
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then it was determined that variables were not independent, and therefore could not be 
utilized together in multiple regressions.  If predictor variables lacked independence, 
simple linear regressions were utilized in lieu of multiple regressions. 
 The Box-Cox procedure for finding optimal power transformations were used on 
all  dependent variables (Y) in order to make linear models more appropriate to the data 
by imposing linearity, reducing skewness or stabilizing residual variance (Sokal and 
Rohlf 1995).  Individual linear regressions were run using Box-Cox transformed 
inorganic and organic variables as dependent variables.  The ‘natural’ landscape feature 
independent variables of watershed area (km²) and elevation (m) were examined first to 
determine if they were significant predictors of any dependent variables or if they were 
highly correlated with any of the independent variables. If either was the case, then I 
collected residuals from regressions and used them as dependent variables. This enabled 
me to account for watershed area and elevation as natural features of the landscape, and 
remaining variation was used in regressions with land use as predictor variables.  All 
regressions were examined to determine if they fit linear model assumptions of linearity, 
independence, homoscedacity, and normality.  
 Outliers were identified initially by converting all data to z-scores.  Outliers were 
determined if their z score exceeded ׀3׀, and were thrown out from all analyses. While 
running individual regressions, outliers were further identified by calculating 
standardized df Betas.  These standardized values were easy to use because universal cut-
off points could be applied (Field 2005).  Data with standardized df Beta values greater  
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than ׀1׀  were considered to substantially influence model parameters and were 
eliminated on an individual regression basis. 
Results 
Land Use Variables Selection 
Principle components analyses of 2001 land use data for all three ecobasins 
suggested that there was an observable disturbance gradient in land use categories at both 
the watershed and 100m riparian buffer scale (tables 2-1, 2-2, 2-3).  In general, urban 
land use and agricultural land use loaded on the opposite side of the linear PCA axis as 
forested and wetlands land use.  These results led to an initial decision to sum urban land 
use and agricultural land use as a single ‘disturbed land use’ variable for use in regression 
models.  Likewise, forest and wetlands land use variables were summed as a  surrogate 
for ‘undisturbed land use’.  Initial regression analysis showed both summed variables 
‘disturbed’ and ‘undisturbed’ land use were not useful in linear regression models, and 
results even suggested that the summation of land use categories undermined any 
significance of the variables individually.  Therefore, in order to simplify the statistical 
analysis, all regression models were run with the single variable urban land use as a 
surrogate for disturbed land use and forested land use as a surrogate variable for 
undisturbed land use.  Results for agriculture as a standalone predictor variable were 
found to be insignificant in all models and were not reported. 
Descriptive statistics and one-way analyses of variance (ANOVA) were run on all 
urban and forest land use variables to determine if differences in urban or forest land use 
existed among ecobasins.  Mean urban land use for the three ecobasins were reported in 
 30
table 2-4, and graphically in figures 2-1, 2-2, 2-3, 2-4.  ANOVA results for urban land 
use variables indicated that significant differences existed for two variables: urban 
watershed land use change over time, and urban riparian 100m buffer land use change 
over time (table 2-5).  Post hoc Tukey and LSD tests showed that for the variable urban 
watershed change over time, both the Pee Dee Atlantic Southern Loam plains and the Pee 
Dee Flatwoods had significantly higher rates of urbanization at the watershed scale than 
the ACE Flatwoods (table 2-6).  Post hoc test for the variable urban riparian 100m buffer 
land use change over time showed that the Pee Dee Flatwoods had urbanization rates 
higher than the ACE Flatwoods, but that differences in urbanization rates between the 
Pee Dee Atlantic Southern Loam Plains were not different from the ACE Flatwoods, nor 
were differences between the Pee Dee Flatwoods and the Pee Dee Atlantic Southern 
Loam Plains (table 2-6). 
Mean forest land use for all three ecobasins is reported in table (2-7), and 
graphically in figures (2-5,2-6,2-7,2-8).  ANOVA results for forest land use variables 
indicated that significant differences among ecobasins existed for three variables: 2001 
forest watershed land use, 2001 forest riparian buffer land use, and forest riparian 100m 
buffer land use change over time (table 2-8).  Post hoc Tukey and LSD test showed 
identical relationships among ecobasins for all three significant forest land use variables.  
Post hoc test showed that both the Pee Dee Atlantic Southern Loam Plains and the Pee 
Dee Flatwoods were different from the ACE Flatwoods, but were not different from each 
other (table 2-9).  The ACE Flatwoods had higher amounts of current forest, and less 
riparian forest loss over time. 
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Suspended Sediment, Inorganic Substrate, and Organic Substrate Variable Selection 
Suspended Sediment 
Turbidity measurements for all three ecobasins encompassed sufficient variability 
in their distributions and were deemed appropriate for use in linear regression models 
(Table 2-10).  However, inorganic TSS measurements lacked sufficient variability in 
their distributions (Table 2-10).  In addition, multiple inorganic TSS measurements were 
missing from the data set.  Therefore, inorganic TSS measurements were not used in 
predictive regression analyses due to lack of variability, lack of data, and because 
turbidity measurements were available for use in lieu of inorganic TSS measurements.   
Inorganic Sediment 
The inorganic sediment measurement D50 lacked sufficient variability in its 
distribution among all three ecobasins (table 2-10).  In addition, there was an abundance 
of ‘no data’ points due to the complete absence of inorganic substrate at many sites.  Due 
to the small range of D50 scores, and general lack of data, predictive models would not 
make sense, and therefore predictive linear regressions were not conducted with median 
particle size (D50) scores. 
Organic Substrate 
Principle components analyses of organic substrate categories for all three ecobasins 
showed a distinct ‘coarseness gradient’ (tables 2-11,2-12,2-13).  Therefore, for the 
purpose of statistical evaluation, the following measures of organic substrate were 
summed as a single variable.  Fine particulate organic matter (FPOM) and aquatic 
vegetation (AV) were summed as a single variable termed ‘Fine Organic Debris’.  Fine 
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woody debris (FWD) and large woody debris (LWD) were summed to create a variable 
termed ‘Coarse Organic Debris’.  In addition, because previous research has indicated 
that large woody debris is a disproportionately important source of in-stream habitat and 
stream structure, this variable was looked at separately (Benke et al. 1995).  
Linear Regression Models Results 
 Simple linear regressions were run in lieu of multiple regressions, due to a lack of 
independence among land use predictor variables.  Both inorganic TSS and median 
particle size D50 were omitted from regression analyses due to lack of variability in their 
distributions.  Descriptive statistics for all dependent variables (both omitted and not 
omitted) are cited in table 2-10.  Model results are presented by ecobasin. 
ACE Carolina Flatwoods 
 Neither turbidity nor fine organic debris were significantly predicted by any of the 
land use variables (table 2-14; table 2-15).  Coarse organic substrates were significantly 
predicted by urban watershed land use for 2001 (R²=0.16; table 2-16).  Figure 2-9 
displays the negative relationship between 2001 urban watershed land use and coarse 
organic substrate, indicating that coarse organics were decreased with increased current 
watershed urbanization.  Large woody debris was significantly predicted by forest 
watershed land use change over time and forest riparian 100 m buffer land use change 
over time.  These two significant predictor variables were equal in prediction strength, 
each had R²=0.17 (table 2-17).  The relationship for each significant result was positive, 
indicating a higher occurrence of large woody debris in watersheds and riparian buffers 
with minimal forest loss over time (Figure 2-10, and Figure 2-11).   
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Pee Dee Carolina Flatwoods 
Turbidity was significantly predicted by urban riparian 100 m buffer land use 
change over time (R²=0.23; table 2-18).  Figure 2-12 displays the positive relationship 
between the two variables, and indicates that turbidity was increased in landscapes that 
had increased riparian urbanization over time.  Fine organic substrate was significantly 
predicted by urban watershed land use change over time.  The relationship between fine 
organic debris and urban watershed land use change over time was positive and strong 
(R²=0.53), indicating that in watersheds that gained in urban land use over time, there 
was observed to be higher in-stream fine organic substrate measurements (figure 2-13, 
table 2-19).  Coarse organic substrate was significantly predicted by urban riparian 100m 
buffer land use change over time (R²=0.32; table 2-20).  Figure 2-14 displays the negative 
relationship between the two variables, and suggests that coarse organics wee decreased 
in landscapes that had increased riparian urbanization over time.  Large woody debris 
was significantly predicted by the following variables: 2001 urban watershed land use 
(R²=0.45), urban watershed land use change over time (R²=0.35), and urban riparian 100 
m buffer land use change over time (R²=0.30; table 2-21).  Each of the three significant 
relationships with land use variables were negative (figure 2-15, figure 2-16, figure 2-17), 
generally indicating that large woody debris was decreased in streams within 
urbanized/urbanizing landscapes.  The 2001 urban watershed land use variable was the 
strongest predictor of large woody debris presence.   
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Pee Dee Atlantic Southern Loam Plains 
Neither turbidity nor fine organic debris were significantly predicted by any of the 
land use variables (table 2-22, table 2-23).  Coarse organic debris was significantly 
predicted by urban riparian 100 m buffer land use change over time (R²=0.34; table 2-
24).  The relationship between coarse organic debris and urban riparian 100m land use 
change over time was positive (figure 2-18), indicating that increased coarse organics 
were related to increased riparian urbanization over time.  Large woody debris was 
significantly predicted by urban riparian 100 m buffer land use change over time 
(R²=0.38; table 2-25).  The relationship between large woody debris and urban riparian 
100m buffer land use change over time was also positive (fig 2-19), indicating that 
increased large woody debris was related to increased riparian urbanization over time.  
The positive relationships observed between both coarse and large organic debris and 
urban riparian 100m land use change over time were unexpected, and contrary to logical 
expectations. 
Discussion 
Inorganic Suspended Sediment 
The Pee Dee Flatwoods was the only ecobasin that resulted in land use variables 
as significant predictors of turbidity.  Of these predictors, urban riparian 100 m buffer 
land use change over time was the only significant predictor of turbidity (R²=0.23).  The 
relationship was positive, indicating that increased conversion to urban land use over 
time (1992-2001) in the riparian buffers of sampled streams was related to increased 
turbidity measurements  
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The Pee Dee Flatwoods contains Horry County, which is arguably one of the most 
rapidly urbanizing counties on the South Carolina coastal plain.  A dominant feature of 
urbanization is an increase in impervious surfaces such as roads, buildings, parking lots, 
and compacted soil for development purposes, etc. (Paul and Meyer 2001, Wheeler et al. 
2005).  Impervious surfaces decrease or eliminate the infiltration of precipitation, leading 
to increased surface runoff after precipitation events.  Increased impervious surfaces 
resulting from urbanization within the riparian land often result in high loadings of 
sediments to streams (Jones et al. 2001, Wheeler et al. 2005).  Riparian buffer zones 
cover a small percentage of the watershed, yet can play a disproportionately large role in 
minimizing overland transport and runoff, acting as sediment traps, and stabilizing stream 
channels (Rabeni and Smale 1995). 
One-way analysis of variance (ANOVA) results showed significant differences 
among the variances of the three ecobasins for the variable urban riparian 100m buffer 
land use change over time. Post hoc Tukey and LSD test showed that both the Pee Dee 
Flatwoods and the Pee Dee Atlantic Southern Loam Plains were not significantly 
different from each other, but were both significantly different from the ACE Flatwoods.  
These results indicate that both Pee Dee ecobasins showed higher land use conversion to 
urban in the 100m riparian buffer zones over time (1992-2001).  While the Pee Dee 
Atlantic Southern Loam Plains showed no significant relationship with turbidity, the Pee 
Dee Flatwoods did.  The Pee Dee Flatwoods had the highest mean riparian land use 
conversion to urban land use between 1992-2001, and significant results between 
turbidity and urban riparian 100 m buffer land use change over time in the Pee Dee 
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Flatwoods may reflect the fact that there have been recent urban development activities.  
While baseflow turbidity may be a useful indicator of potential stream degradation 
(Sutherland et al. 2001), future studies may want to also incorporate turbidity 
measurements for stormflow events in further attempt to strengthen and verify observed 
relationships between urban land disturbance and increased turbidity.  
Inorganic Substrate  
 The median particle size (D50) variable was not useful in regression models for 
any of the three coastal plain ecobasins due to lack of variability in descriptive statistics 
(range and medians specifically).  This result was not surprising because southeastern 
coastal plain streams tend to be dominated by a homogenous fine inorganic particle 
benthos.  There are two primary explanations as to why D50 calculations may not be a 
good tool for use in the coastal plain.  First, it is the natural condition of southern coastal 
plain streams to be dominated by fine benthic material (Smock et al. 1985).  Unlike 
upland South Carolina soils which are derived primarily from crystalline rock, coastal 
plain soils are derived from sedimentary rocks and are primarily sand, alluvial silt and 
clay (SCDNR 2005).  Therefore, because of natural soil type conditions, it is not 
unreasonable that a streams benthos be dominated by very small inorganic particle sizes.  
In addition, due to low topography and resultant naturally low flows, coastal plain 
streams may tend to have an abundance of organic material that accumulates on the 
stream bottom.  Because high flows are often rare, organic materials tend to build up on 
the benthic floor and do not wash out of the system very quickly.  Therefore, it is very 
likely that the dominant substrate of a coastal plain stream may be covered with a layer of 
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epifaunnal organic substrate, particularly in low flows or stagnant waters.  Second, there 
have been tremendous soil losses in the southeastern coastal plain due to a land use 
history rich in agriculture and timber harvesting (Trimble 1985). It is estimated that over 
12 inches of topsoil may have been lost in some areas during the “cotton era” (Bennett 
1931).  It is therefore, very likely that a large majority of coastal plain streams have been 
historically impacted by heavy fine sediment loads, to the extent that areas with natural 
larger variation in particle size were covered by smaller particles carried into streams by 
erosion and overland flow.  Coastal plain streams operate very differently from their 
upland counterparts.  It is logical that measures of habitat and substrate suitability that are 
applicable in the upstate may not apply in coastal regions. 
Organic Substrate 
Fine Organic Debris  
The Pee Dee Flatwoods was the only ecobasin that showed a relationship between 
fine organic debris and land use.  There was a strong (R²=0.53) positive relationship 
between fine organic debris and urban watershed land use change over time.  This 
relationship indicated that increased urban watershed land use change over time was 
related to increased occurrences of fine organic debris in Pee Dee Flatwoods sample sites.  
One-way analysis of variance results showed significant differences among the variances 
of the three ecobasins for the variable urban watershed land use change over time.  Post 
hoc Tukey and LSD tests revealed that both the Pee Dee Flatwoods and the Pee Dee 
Atlantic Southern Loam Plains were not significantly different from one another, but 
were significantly different from the ACE Flatwoods. These results indicated that both of 
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the Pee Dee ecobasins generally had higher land use conversion rates to urban watershed 
land use than the ACE Flatwoods.  The Pee Dee Flatwoods had the highest mean 
conversion rates to urban watershed land use of all three ecobasins, however, mean 
watershed land use conversion to urban in the Pee Dee Atlantic Southern Loam Plains did 
not trail far behind.  The significant positive relationship observed in the Pee Dee 
Flatwoods between urban watershed land use change over time and the increased 
occurrence of fine organic debris may reflect this observed increase in urban 
development.  
Significant results in the Pee Dee Flatwoods were interesting because they 
indicated a link between fine organic debris and watershed scale urban land use.  The 
relationship indicated that watershed-wide urban development over time was related to an 
increased occurrence of fine organic debris, suggesting that the actual process of urban 
development plays a key role in observed increases in fine organic input.  The process of 
urbanization often involves the clearing of land for development and results in an overall 
increase of impervious surfaces within the entire watershed.  Cleared land and increased 
impervious surfaces within watersheds can lead to increased overland flow and runoff, 
and increased fine material input into stream systems.  In addition, coastal plain streams 
and their corresponding wetlands within the Pee Dee Flatwoods are commonly drained 
and piped into singular straightened channels so that urban developments can be 
expanded into natural wetland areas.  These types of straightened channels are often 
maintained as storm water runoff storage and transport vessels, and are characterized by 
low flows with intermittent high flows during storm events that may wash out coarser 
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organic material. In addition to their ‘sparse’ organic content, these channels also often 
lack cover and experience large amounts of sun exposure which prompts the abundant 
growth of aquatic vegetation.   
Coarse Organic Debris 
All three coastal plain ecobasins showed significant relationships between land 
use variables and coarse organic debris.  Results for the ACE Flatwoods and the Pee Dee 
Flatwoods both showed negative relationships between coarse organic debris and urban 
land use variables.  The ACE Flatwoods showed a negative relationship between 2001 
urban watershed land use and coarse organic debris (R²=0.16), and the Pee Dee 
Flatwoods showed a negative relationship between urban riparian 100m buffer land use 
change over time and coarse organic debris (R²=0.32).  However, the Pee Dee Atlantic 
Southern Loam Plains showed a significant positive relationship between urban buffer 
2001 and coarse organic debris (R²=0.34).  Higher R² values in both Pee Dee basins may 
reflect smaller sample sizes.  Because all three ecobasins yielded significant results, they 
will be examined separately. 
Ace Flatwoods 
The ACE Flatwoods showed a significant negative relationship between current 
2001 urban watershed land use and coarse organic debris.  This relationship inferred two 
important findings. First, this relationship indicated that current (2001) urban watershed 
land use (rather than conversion to urban land use over time) was more influential to 
coarse woody debris presence.  This finding is particularly interesting because ANOVA 
results showed that the ACE Flatwoods has been less impacted by urban watershed 
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development over time than the two Pee Dee ecobasins.  Although all three ecobasins did 
not show significant differences among current (2001) urban watershed land, ANOVA 
results did show that the ACE Flatwoods was significantly different from either of the 
Pee Dee ecobasins in that it had significantly less urban watershed development over 
time.  In fact, at the watershed scale, ACE Flatwoods sites showed a negative mean urban 
watershed growth, indicating that on average, ACE Flatwoods sites showed negative or 
no urban watershed development over time.  Therefore, these results may suggest that the 
ACE Flatwoods sample sites were generally less disturbed by urban development over 
time, but there remained a relationship between current land use and coarse organic 
debris.  This relationship may indicate that the effects of urbanization can have persistent 
and chronic effects on in-stream coarse organic debris conditions even within relatively 
slow-developing (urbanizing) landscapes.   
Second, this result indicated that in a relatively non-urbanizing ecobasin, that 
entire urban watershed land use was more significant to coarse woody debris presence 
than riparian land use.  Typically, in the coastal plain it is expected that most organic 
debris is recruited primarily from riparian buffer land (Benke and Wallace 1990).  
However, in relatively undisturbed systems, riparian stream buffer forest composition and 
successional attributes are controlled by watershed scale factors such as land 
management and small scale natural and anthropogenic disturbances (Boyer et al. 2003).  
In addition, geomorphic and other disturbance processes of both upland and fluvial origin 
affect riparian zones, determining the spatial pattern and successional development of 
riparian vegetation (Gregory et al. 1991). Riparian vegetation is likely to be similar in 
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composition to plant communities located further upslope (Gregory et al. 1991).  
Therefore, there is a tight link between watershed scale disturbances and riparian 
composition, and in a relatively undisturbed landscape such as the ACE Flatwoods, 
overall watershed conditions may play a more influential role in the overall condition of 
in-stream habitats than riparian condition alone. 
Pee Dee Flatwoods 
The Pee Dee Flatwoods showed a negative relationship between urban buffer 
change over time and coarse organic debris (R²=0.32).  This relationship suggested that 
with increases in urban riparian land over time, there were observed to be less 
occurrences of coarse organic debris in sample sites.   As stated previously, the Pee Dee 
Flatwoods showed the highest mean percentage of both watershed and riparian land 
conversion to urban over time of all three ecobasins.  New development (urbanization) 
often results in the loss or reduction of riparian vegetation in areas near streams are 
cleared for road and building construction (Wheeler et al. 2005).  Riparian vegetation is 
an important source of organic debris for streams.  In addition, along with urban 
development comes the need for stormwater control and draining of wetlands for 
expansion of urban developments.  These needs often result in filling in or paving over of 
small streams, and placing and piping streams in to straightened channels (Paul and 
Meyer 2001).  As a result, it was particularly observed in the Pee Dee Flatwoods that 
many streams were channelized, routinely maintained, and were void of any sources of 
coarse riparian vegetation.  This result corresponds well with results for turbidity and fine 
organic debris.  Turbidity and fine organic debris were both positively related to urban 
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land use, while coarse organic debris was negatively related to urban land use.  This 
strengthens the argument that urban development over time has affected the organic 
composition of streams in the Pee Dee Flatwoods. 
Pee Dee Atlantic Southern Loam Plains 
The Pee Dee Atlantic Southern Plains showed results contrary to those observed 
in the other two coastal plain ecobasins.  There was a significant positive relationship 
between coarse woody debris and urban buffer land use change over time.  There are 
several possibilities as to why this positive relationship was observed in the Pee Dee 
Atlantic Southern Loam Plains and not in the Pee Dee Flatwoods or the ACE Flatwoods. 
One potential rationale for the conflicting results is that landscapes are spatially auto-
correlated.  This study looked at specific land cover classes of urban and forest and 
related them to in-stream substrate variables through simple linear regression analyses.   
Land cover variables that yield the strongest relationships are often inferred to be related 
in some way, possibly causally, to the response variable.  However, land cover variables 
tend to be highly collinear (inter-correlated) so that a significant relationship between a 
response variable and one land cover variable may be accompanied by significant 
relationships with one or more other land-cover classes (King et al. 2005).  For example, 
an examination of the raw data indicated that Pee Dee Atlantic Southern Loam plains 
sites with riparian areas that were urbanizing over time were converting to urban from 
primarily forest land, and crop land to a lesser extent.  Wood decomposition is much 
faster in terrestrial than in aquatic environments (Harmon et al. 1986), and remnant large 
organics from forested (or agrarian) landscapes may account for the observed increased 
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occurrence of larger organics in streams within newly urbanized landscapes.  It is logical 
to assume that the occurrence of coarser organics may decrease given further 
urbanization and longer periods of time.  However, due to low sample size in this 
ecobasin and the increased possibility of spurious results, in conjunction with potential 
problems with spatial auto-correlation, it may be difficult to accurately decipher observed 
relationships within this ecobasin. 
Large Woody Debris 
Large woody debris was investigated at singularly because of its dominant 
ecological significance to coastal plain streams (Benke et al. 1985).  Large woody debris 
measurements were found to be significantly related to land use within all of the three 
coastal plain ecobasins.  Because all three ecobasins yielded significant results, they were 
examined separately. 
ACE Flatwoods 
In the ACE Flatwoods, large woods debris was significantly predicted by two 
land use variables: forest watershed land use change over time (R²=0.17), and forest 
riparian 100 m buffer land use change over time (R²=0.17).  Prediction strength was 
equal between the two significant results.  ANOVA results indicated that the ACE 
Flatwoods had significantly higher current (2001) mean percentages of forested land in 
both the watershed and riparian 100m buffer zone of sample sites than both Pee Dee 
ecobasins.  The ACE Flatwoods also showed a mean loss of both watershed and riparian 
forested land over time (1992-2001), however in both cases the loss was relatively small 
and less than observed losses in both Pee Dee Ecobasins.  Both significant relationships 
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between forest watershed and riparian land use change over time and large woody debris 
were positive.  Because there was a mean loss of forested watershed and riparian land 
over time, this relationship did not indicate that increased forest over time in both the 
watershed and 100m riparian zone was related to increased woody debris measurements.  
Rather, the relationship could be interpreted as minimal loss or disturbance of forest land 
over time was associated with large woody debris presence.  The fact that results for large 
woody debris differed from results for coarse woody debris (significant negative 
relationship with 2001 urban watershed land use) is interesting, and may infer a 
relationship between the two land use categories. However, it would be unwise to infer 
that urban land use and forest land use are inversely related, e.g., as one increases the 
other decreases and vice versa, it is just as likely that the two variables are orthogonally 
related.  It is difficult to decipher causal relationships between land use variables and 
woody debris because of issues with auto-correlation among land use variables, however 
the relationships observed between land use and coarse organic debris and large woody 
debris do strengthen the argument that land disturbances (or the lack thereof) do affect 
the large organic substrate content of ACE Flatwoods sample streams.   
Pee Dee Flatwoods 
In the Pee Dee Flatwoods, large woody debris was significantly predicted by three 
land use variables: 2001 urban watershed land use (R²=0.45), urban watershed land use 
change over time (R²=0.35) and urban riparian 100m buffer land use change over time 
(R²=0.30).  Each of these three significant predictors showed negative relationships, 
indicating that current urban watershed land use as well as increased land use (watershed 
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and riparian) conversion to urban land use over time was related to decreased large 
woody debris presence.  The two urban watershed-level variables (2001 urban watershed, 
urban watershed land use change over time) had the highest explanatory power of the 
proportion of variance of large woody debris measurements.  These results may indicate 
that urban land use at the watershed scale affects large woody debris composition.  The 
2001 urban watershed land use variable accounts for both urban developments that 
existed prior to 1992 and incorporates the urban watershed development that took place 
between 1992 and 2001, therefore it is logical that this variable had the highest 
explanatory power.  However, it is difficult to tease out whether new development (1992-
2001) or old development (prior to 1992) has affected large woody debris composition 
more.  It is also difficult to discern between the relative significance of watershed versus 
riparian urbanization, and their relative effects on large woody debris, primarily because 
riparian land use is spatially nested within its corresponding watershed.  While large 
woody debris sources are inherently derived from riparian sources, it is clear that in the 
Pee Dee Flatwoods, urbanization activities in general may transcend riparian/watershed 
interfaces and cohesively impact observed large woody debris presence.  Additional 
strength for this argument can be derived from the fact that turbidity and fine organics 
showed significant positive relationships and coarse organics showed significant negative 
relationships with urban land use change over time variables.  
Pee Dee Atlantic Southern Loam Plains 
The Pee Dee Atlantic Southern Loam Plains reiterated the confounding results 
found with the coarse organic debris variable.  Large woody debris was significantly 
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predicted by urban riparian 100m buffer land use change over time. The relationship was 
positive indicating that increase in urban buffer over time was related to increased large 
woody debris measurements. 
In addition to potential problems with small sample size and spatial auto-
correlation, another possibility as to why a positive relationship was observed between 
urban riparian 100m buffer land use change over time and large woody debris (and coarse 
woody debris) is that the type of urban development affects the overall impact of riparian 
land.  Urbanization typically results in the loss of riparian vegetation as land near streams 
is cleared for development. However, the type of urban development may affect the 
extent to which riparian forests are cleared.  For example, a study by Thibault (1997) 
found that land used for road construction, schools and industry had more intact riparian 
land than residential, commercial and recreational land developments.  It is possible that 
urbanization takes place, but a small vegetated zone remains intact and acts as a source of 
large woody debris for streams.  However, studies have found that despite retaining a 
small riparian zone in urban settings, streams may still feel the overwhelming effects of 
urbanization due to increased runoff from impervious surfaces through stormwater pipes 
that can bypass riparian zones, and cause channel incision and overall degrade stream 
health (Groffman et al. 2003).   
Conclusions 
Results of this study indicated that the loss of natural forest land and replacement 
with urbanized landscapes, particularly the process of urbanization over time, at both the 
watershed and riparian scale, has deleterious effects on the in-stream suspended sediment 
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and organic substrate composition of South Carolina coastal plain streams.  In particular, 
urbanized/urbanizing landscapes were related to increased turbidity and fine organic 
debris, and decreased coarse and large organic debris.  Current urban land use was 
relatively low in all three ecobasins, however previous research has indicated that 
landscape urbanization can affect stream habitat and biota at even relatively low levels 
(<10 %) of watershed development (Wheeler et al. 2005, Wang et al. 2000).  The process 
of urban development in South Carolinas coastal plain is a growing threat that has 
continuous, compounding, and potentially chronic impacts on in-stream habitat.  Streams 
that have previously experienced extensive degradation due to agricultural land use 
practices (such as found in SC coastal plain) are particularly susceptible to land 
perturbations resulting from urbanization (Wang et al. 1997). Of greatest concern is the 
effects that degraded habitat conditions may have on fish and other biotic communities.  
Research has shown that low levels of development can impact stream biological 
communities, with consequences at the community level that may be nearly impossible to 
reverse (Mayer and Rietkerk 2004).   
Future research should focus on partitioning specific impacts of additional land 
use categories, as well as focusing on mechanismal pathways of disturbance between 
land use categories and in-stream environmental conditions.  In addition, research should 
focus on the interactions between terrestrial land use and other attributes of the in-stream 
environment, such as hydrological regimes, chemical condition, and productivity.   
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Table 2-1. PCA results for ACE Flatwoods 2001 land use categories. 
ACE Flatwoods     
2001 Watershed Land Use H20 -0.1245 URB 0.2924 
AXIS 1 FOR -0.4072 PAS 0.4414 
eigenvalue: 1.87,  (% variance: 39.4) WLD -0.5306 CRP 0.5306 
     
2001 Riparian 100m Buffer Land Use H20 -0.1547 URB 0.2588 
AXIS 1 FOR -0.1498 PAS 0.5515 
eigenvalue: 2.59,  (% variance: 43.2) WLD -0.5607 CRP 0.5177 
Land Use Categories: H20: Open Water, FOR: Forest, WLD: Wetland, 
                                      URB: Urban, PAS: Pasture, CRP: Row Crop 
 
 
 
Table 2-2. PCA results for Pee Dee Flatwoods 2001 land use categories. 
Pee Dee Flatwoods       
2001 Watershed Land Use URB -0.5212 FOR 0.5499 
AXIS 1 PAS  -0.5827 H20 0.1159 
eigenvalue: 2.38,  (% variance: 39.6) CRP -0.0759 WLD 0.2593 
     
2001 Riparian 100m Buffer Land Use H20 -0.1283 FOR 0.6154 
AXIS 1 URB -0.5695 PAS 0.1177 
eigenvalue: 2.11  (% variance: 35.2) CRP -0.4948   
  WLD -0.1476   
Land Use Categories: H20: Open Water, FOR: Forest, WLD: Wetland, 
                                      URB: Urban, PAS: Pasture, CRP: Row Crop 
 
 
 
Table 2-3. PCA results for Pee Dee Atlantic Southern Loam Plains 2001 land use categories. 
Pee Dee Flatwoods       
2001 Watershed Land Use URB -0.5212 FOR 0.5499 
AXIS 1 PAS  -0.5827 H20 0.1159 
eigenvalue: 2.38,  (% variance: 39.6) CRP -0.0759 WLD 0.2593 
     
2001 Riparian 100m Buffer Land Use H20 -0.1283 FOR 0.6154 
AXIS 1 URB -0.5695 PAS 0.1177 
eigenvalue: 2.11  (% variance: 35.2) CRP -0.4948   
  WLD -0.1476   
Land Use Categories: H20: Open Water, FOR: Forest, WLD: Wetland, 
                                      URB: Urban, PAS: Pasture, CRP: Row Crop 
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                        Table 2-4. Mean urban land use among the three ecobasins.  
  2001 Urban 
2001 Riparian 
100m 
Watershed 
Land Use 
Riparian 100m 
Buffer Land Use 
ECOBASIN 
Watershed Land 
Use 
Buffer Land 
Use 
Change over 
Time 
Change over 
Time 
Pee Dee Atlantic 
Southern Loam Plains 5.35% 3.22% 3.53% 1.32% 
ACE Carolina Flatwoods 5.09% 3.76% -0.18% 0.25% 
Pee Dee Carolina 
Flatwoods 6.28% 4.53% 4.14% 2.85% 
 
 
 
 
  Table 2-5. ANOVA results for urban land use categories among all three ecobasins. 
    
Sum of 
Squares df Mean Square F Sig. 
URBWS01 Between Groups .002 2 .001 .812 .448
  Within Groups .088 71 .001    
  Total .090 73     
URBB01 Between Groups .002 2 .001 .865 .425
  Within Groups .076 73 .001    
  Total .077 75     
URBWSD Between Groups .032 2 .016 13.287 .000
  Within Groups .090 75 .001    
  Total .121 77     
URBBD Between Groups .009 2 .004 3.872 .025
  Within Groups .086 74 .001    
  Total .095 76     
  Land use categories: URBWS01: 2001 urban watershed land use, URBB01: 2001 urban 
                                  riparian land use, URBWSD: Urban watershed land use change over 
                                  time (1992-2001), URBBD: Urban riparian land use change  
                                  over time 
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             Table 2-6. Post hoc Tukey and LSD results for significant urban land use variables.  
 
Dependent 
Variable   (I) Ecobasin (J) Ecobasin 
Mean Difference 
(I-J) 
Std. 
Error Sig. 
   95% 
C.I.  
URBWSD Tukey  1 2 .037017(*) 0.01 0 0.01 0.06 
    3 -0.01 0.01 0.84 -0.03 0.02 
  2 1 -.037017(*) 0.01 0 -0.06 -0.01 
    3 -.043114(*) 0.01 0 -0.07 -0.02 
  3 1 0.01 0.01 0.84 -0.02 0.03 
    2 .043114(*) 0.01 0 0.02 0.07 
         
 LSD 1 2 .037017(*) 0.01 0 0.02 0.06 
    3 -0.01 0.01 0.57 -0.03 0.02 
  2 1 -.037017(*) 0.01 0 -0.06 -0.02 
    3 -.043114(*) 0.01 0 -0.06 -0.02 
  3 1 0.01 0.01 0.57 -0.02 0.03 
    2 .043114(*) 0.01 0 0.02 0.06 
         
URBBD Tukey  
 
1 2 0.01 0.01 0.5 -0.01 0.03 
    3 -0.02 0.01 0.32 -0.04 0.01 
  2 1 -0.01 0.01 0.5 -0.03 0.01 
    3 -.026022(*) 0.01 0.02 -0.05 0 
  3 1 0.02 0.01 0.32 -0.01 0.04 
    2 .026022(*) 0.01 0.02 0 0.05 
         
 LSD 1 2 0.01 0.01 0.27 -0.01 0.03 
    3 -0.02 0.01 0.15 -0.04 0.01 
  2 1 -0.01 0.01 0.27 -0.03 0.01 
    3 -.026022(*) 0.01 0.01 -0.04 -0.01 
  3 1 0.02 0.01 0.15 -0.01 0.04 
    2 .026022(*) 0.01 0.01 0.01 0.04 
 *The mean difference is significant at the .05 level. 
 
Land Use Categories: URBWSD: Urban watershed land use change over time,  
                                      URBBD: Urban riparian land use change over time. 
Ecobasins:  1: Pee Dee Atlantic Southern Loam Plains, 2: ACE Carolina Flatwoods, 
                    3: Pee Dee Carolina Flatwoods 
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                            Table 2-7. Mean forest land use among all three ecobasins. 
 2001 Urban 
2001 Riparian 
100m 
Watershed 
Land Use 
Riparian 100m 
Buffer Land Use 
ECOBASIN 
Watershed 
Land Use 
 Buffer Land 
Use 
Change over 
Time 
Change over 
Time 
Pee Dee Atlantic 
Southern Loam Plains 20.01% 15.57% -14.76% -23.15% 
ACE Carolina Flatwoods 37.22% 30.21% -11.56% -12.65% 
Pee Dee Carolina 
Flatwoods 20.01% 20.06% -14.76% -23.15% 
 
 
 
 
 
Table 2-8. ANOVA results for forest land use categories among all three ecobasins.  
 
    
Sum of 
Squares df Mean Square F Sig. 
Between Groups .557 2 .279 27.313 .000
Within Groups .745 73 .010    
FORWS01 
Total 1.302 75     
Between Groups .406 2 .203 17.382 .000
Within Groups .853 73 .012    
FORB01 
Total 1.259 75     
Between Groups .019 2 .010 1.070 .348
Within Groups .663 73 .009    
FORWSD 
Total .682 75     
Between Groups .202 2 .101 8.225 .001
Within Groups .874 71 .012    
FORBD 
Total 1.076 73     
Land use categories: FORWS01: 2001 forest watershed land use, FORB01: 2001 forest 
                                    riparian land use, FORWSD: Forest watershed land use change  
                                    over time (1992-2001), FORBD: Forest riparian land use  
                                    change over time 
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               Table 2-9. Post hoc Tukey and LSD results for significant forest land use variables. 
Dependent 
Variable   
(I) 
Ecobasin 
(J) 
Ecobasin 
Mean 
Difference 
(I-J) Std. Error Sig. 
       
95% 
C.I.   
FORWS01 Tukey  
 
1 2 -.171532(*) 0.03 0.00 -0.24 -0.1 
    3 0 0.03 1.00 -0.08 0.08 
  2 1 .171532(*) 0.03 0.00 0.1 0.24 
    3 .171532(*) 0.03 0.00 0.1 0.24 
  3 1 0 0.03 1.00 -0.08 0.08 
    2 -.171532(*) 0.03 0.00 -0.24 -0.1 
         
 LSD 1 2 -.171532(*) 0.03 0.00 -0.23 -0.12 
    3 0 0.03 1.00 -0.06 0.06 
  2 1 .171532(*) 0.03 0.00 0.12 0.23 
    3 .171532(*) 0.03 0.00 0.12 0.23 
  3 1 0 0.03 1.00 -0.06 0.06 
    2 -.171532(*) 0.03 0.00 -0.23 -0.12 
         
FORB01 Tukey  
 
1 2 -.146411(*) 0.03 0.00 -0.22 -0.07 
    3 0 0.03 1.00 -0.08 0.08 
  2 1 .146411(*) 0.03 0.00 0.07 0.22 
    3 .146411(*) 0.03 0.00 0.07 0.22 
  3 1 0 0.03 1.00 -0.08 0.08 
    2 -.146411(*) 0.03 0.00 -0.22 -0.07 
         
 LSD 1 2 -.146411(*) 0.03 0.00 -0.21 -0.09 
    3 0 0.03 1.00 -0.07 0.07 
  2 1 .146411(*) 0.03 0.00 0.09 0.21 
    3 .146411(*) 0.03 0.00 0.09 0.21 
  3 1 0 0.03 1.00 -0.07 0.07 
    2 -.146411(*) 0.03 0.00 -0.21 -0.09 
         
FORBD Tukey  1 2 -.104959(*) 0.03 0.00 -0.18 -0.03 
    3 0 0.04 1.00 -0.08 0.08 
  2 1 .104959(*) 0.03 0.00 0.03 0.18 
    3 .104959(*) 0.03 0.00 0.03 0.18 
  3 1 0 0.04 1.00 -0.08 0.08 
    2 -.104959(*) 0.03 0.00 -0.18 -0.03 
         
 LSD 1 2 -.104959(*) 0.03 0.00 -0.17 -0.04 
    3 0 0.04 1.00 -0.07 0.07 
  2 1 .104959(*) 0.03 0.00 0.04 0.17 
    3 .104959(*) 0.03 0.00 0.04 0.17 
  3 1 0 0.04 1.00 -0.07 0.07 
    2 -.104959(*) 0.03 0.00 -0.17 -0.04 
 * The mean difference is significant at the .05 level.     
 
    Land Use Categories: FORW01: 2001 Forest watershed land use, FORB01: 2001 Forest  
                                          riparian buffer, FORBD: Urban riparian land use change over time. 
    Ecobasins:  1: Pee Dee Atlantic Southern Loam Plains, 2: ACE Carolina Flatwoods, 
                         3: Pee Dee Carolina Flatwoods 
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Table 2-10. Descriptive statistics for the three ecobasins. 
ACE Carolina Flatwoods Range Median Mean Standard Deviation 
Turbidity (NTU) 2.00-31.11 5.46 7.83 6.74 
Inorganic TSS (mg/L) 0.0-30.0 1 5.88 9.04 
D50 (mm) 0.5-2.0 0.5 0.58 0.28 
% Fine Organic Debris 0.0-34.6 8.0 11.08 12.63 
% Coarse Organic Debris 0.0-62.0 20.0 25.74 16.51 
% Large Woody Debris 0.0-40.0 6.19 11.19 11.62 
     
Pee Dee Carolina Flatwoods Range Median Mean Standard Deviation 
Turbidity (NTU) 1.45-29.39 7.51 9.92 7.33 
Inorganic TSS (mg/L) 0.00-52.00 3.0 11.26 16.56 
D50 (mm) N/A 0.5 0.5 0.0 
% Fine Organic Debris 0.0-47.6 8.3 16.1 18.8 
% Coarse Organic Debris 0.0-62.0 12.5 17.6 15.4 
% Large Woody Debris 0.0-24.0 2.0 5.6 7.3 
     
Pee Dee Atlantic Southern Loam Plains Range Median Mean Standard Deviation 
Turbidity (NTU) 2.79-59.29 12.28 29.41 53.51 
Inorganic TSS (mg/L) 1.0-85.0 7.0 14.75 19.02 
D50 (mm) 0.5-7.0 0.5 0.8 1.2 
% Fine Organic Debris 0.00-97.37 24.0 25.9 24.3 
% Coarse Organic Debris 0.00-45.83 16.5 17.7 10.9 
% Large Woody Debris 0.00-12.00 2.08 3.3 3.4 
 
 
 
       Table 2-11. PCA results for ACE Flatwoods organic substrate categories. 
 
ACE Flatwoods     
Organic Substrate Categories  % FPOM -0.2094 % CPOM 0.3012
AXIS 1 % AV -0.6223 % FWD 0.5044
eigenvalue: 1.63  (% variance: 32.57)     % LWD 0.473
            Organic Substrate Categories:  FPOM: Fine particulate organic matter, CPOM: Coarse  
                                                                  particulate organic matter, FWD: Fine woody debris, 
                                                                  LWD: Large woody debris, AV: Aquatic vegetation 
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       Table 2-12. PCA results for Pee Dee Flatwoods organic substrate categories. 
 
Pee Dee Flatwoods       
Organic Substrate Categories  % FPOM -0.2745 % CPOM 0.3214
AXIS 1 % AV -0.2745 % FWD 0.7147
eigenvalue: 2.26  (% variance: 45.19)     % LWD 0.4849
          Organic Substrate Categories:  FPOM: Fine particulate organic matter, CPOM: Coarse  
                                                                   particulate organic matter, FWD: Fine woody debris, 
                                                                   LWD: Large woody debris, AV: Aquatic vegetation 
 
 
       Table 2-13. PCA results for Pee Dee Atlantic Southern Loam Plains  
                   organic substrate categories. 
 
Pee Dee Atlantic Southern Coastal Plain   
Organic Substrate Categories % CPOM -0.4834  % FPOM 0.1949
AXIS 1 % FWD -0.617 % AV 0.4361
eigenvalue:1.31  (% variance: 26.22) % LWD -0.3967     
            Organic Substrate Categories:  FPOM: Fine particulate organic matter, CPOM: Coarse  
                                                                  particulate organic matter, FWD: Fine woody debris, 
                                                                  LWD: Large woody debris, AV: Aquatic vegetation 
 
 
 
 
 
 
 
 
Table 2-14. ACE Flatwoods linear regression models result table for Box-Cox  
                    transformed dependent variable turbidity. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
Upper 
CI 
Turbidity ELEVATION 0.14 0.16 -0.01 -0.40 6.12 0.02 -0.01 0.00 
 
2001 Urban 
Watershed  EL .14 0.04 0.52 0.19 1.26 0.27 -0.42 1.45 
 
2001Forest 
Watershed  EL .14 0.00 -0.04 -0.03 0.03 0.87 -0.46 0.39 
 
2001 Urban 
Buffer  EL .14 0.02 -0.59 -0.13 0.50 0.48 -2.29 1.11 
 
2001 Forest 
Buffer  EL .14 0.00 -0.08 -0.06 0.13 0.72 -0.52 0.36 
 
Urban 
Watershed 
Difference EL .14 0.00 0.17 0.04 0.05 0.82 -1.36 1.70 
 
Forest 
Watershed 
Difference EL .14 0.03 -0.23 -0.17 1.01 0.32 -0.68 0.23 
 
Urban Buffer 
Difference EL .14 0.00 0.28 0.06 0.14 0.71 -1.25 1.81 
 
Forest Buffer 
Difference EL .14 0.04 -0.18 -0.19 1.25 0.27 -0.50 0.15 
 
 61
Table 2-15. ACE Flatwoods linear regression models result table for Box-Cox  
                    transformed dependent variable percent fine organic debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
Upper 
CI 
Fine 
Organic 
Debris ELEVATION 0.09 0.03 0.01 0.18 1.07 0.31 -0.01 0.02 
 
URBAN 
Watershed 
2001 EL, .09 0.00 0.44 0.06 0.12 0.73 -2.13 3.01 
 
FOREST 
Watershed 
2001 EL, .09 0.01 -0.29 -0.09 0.27 0.61 -1.43 0.85 
 
URBAN 
Buffer 2001 EL, .09 0.03 1.71 0.17 0.95 0.34 -1.86 5.29 
 
FOREST 
Buffer 2001 EL, .09 0.02 -0.51 -0.15 0.80 0.38 -1.68 0.65 
 
URBAN 
Watershed 
Difference 0.09 0.04 2.45 0.21 1.48 0.23 -1.65 6.55 
 
FOREST 
Watershed 
Difference 0.09 0.01 0.32 0.09 0.26 0.61 -0.95 1.58 
 
URBAN 
Buffer 
Difference 0.09 0.06 3.00 0.25 2.26 0.14 -1.06 7.06 
 
FOREST 
Buffer 
Difference 0.09 0.00 0.16 0.06 0.13 0.72 -0.73 1.05 
 
 
Table 2-16. ACE Flatwoods linear regression models result table for Box-Cox  
                     transformed dependent variable percent coarse organic debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
Upper 
CI 
Coarse 
Organic 
Debris ELEVATION 0.39 0.01 0 0.08 0.22 0.64 0 0.01 
 
URBAN 
Watershed 
2001 EL .39 0.16 -1.54 -0.4 5.96 0.02 -2.83 -0.25 
 
FOREST 
Watershed 
2001 EL .39 0.04                              0.2 1.32 0.26 -0.21 0.74 
 
URBAN 
Buffer 2001 EL .39 0.06 -1 -0.24 1.98 0.17 -2.44 0.45 
 
FOREST 
Buffer 2001 EL .39 0.05 0.31 0.23 1.84 0.19 -0.16 0.78 
 
URBAN 
Watershed 
Difference 0.39 0 -0.06 -0.01 0.01 0.95 -1.93 1.8 
 
FOREST 
Watershed 
Difference 0.39 0 0.09 0.07 0.14 0.71 -0.42 0.61 
 
URBAN 
Buffer 
Difference 0.39 0 -0.03 -0.01 0 0.98 -1.7 1.65 
 
FOREST 
Buffer 
Difference 0.39 0 -0.02 -0.02 0.01 0.93 -0.38 3.42 
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Table 2-17. ACE Flatwoods linear regression models result table for Box-Cox  
                    transformed dependent variable percent large woody debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
Upper 
CI 
LWD ELEVATION 0.25 0.06 0.01 0.30 3.33 0.77 0.00 0.01 
 
URBAN 
Watershed 
2001 EL .25 0.04 -0.98 -0.21 1.53 0.23 -0.26 0.63 
 
FOREST 
Watershed 
2001 EL .25 0.05 0.49 0.23 1.93 0.17 -0.22 1.20 
 
URBAN 
Buffer 2001 EL .25 0.03 -1.16 -0.18 1.07 0.31 -3.44 1.12 
 
FOREST 
Buffer 2001 EL .25 0.00 0.11 0.05 0.08 0.77 -0.65 0.86 
 
URBAN 
Watershed 
Difference 0.25 0.03 -1.27 -0.16 0.90 0.35 -4.00 1.46 
 
FOREST 
Watershed 
Difference 0.25 0.17 1.00 0.42 7.14 0.01 0.24 1.76 
 
URBAN 
Buffer 
Difference 0.25 0.02 1.07 0.13 0.63 0.44 -1.68 3.81 
 
FOREST 
Buffer 
Difference 0.25 0.17 0.80 0.42 6.86 0.01 0.18 1.42 
 
 
 
 
Table 2-18. Pee Dee Flatwoods linear regression models result table for Box-Cox  
                    transformed dependent variable turbidity. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
 Upper 
CI 
Turbidity 
URBAN 
Watershed 
2001 0.10 0.00 0.07 0.03 0.01 0.91 -1.10 1.23 
 
FOREST 
Watershed 
2001 0.10 0.00 0.04 0.07 0.09 0.77 -0.24 0.32 
 
URBAN 
Buffer 2001 0.10 0.06 -0.63 -0.24 1.19 0.29 -1.85 0.58 
 
FOREST 
Buffer 2001 0.10 0.05 0.14 0.23 1.03 0.32 -0.15 0.42 
 
URBAN 
Watershed 
Difference 0.10 0.01 -0.18 -0.08 0.13 0.73 -1.21 0.86 
 
FOREST 
Watershed 
Difference 0.10 0.00 0.03 0.04 0.03 0.87 -0.34 0.40 
 
URBAN 
Buffer 
Difference 0.10 0.23 1.14 0.48 5.70 0.03 0.14 2.14 
 
FOREST 
Buffer 
Difference 0.10 0.16 0.18 0.39 3.66 0.07 -0.02 0.37 
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Table 2-19. Pee Dee Flatwoods linear regression models result table for Box-Cox 
                                       transformed dependent variable percent fine organic debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
 
Upper 
CI 
Fine 
Organic 
Debris ELEVATION 0.10 0.47 0.04 0.68 17.49 0.00 0.02 0.06 
 
URBAN 
Watershed 
2001 EL, .1 0.06 1.87 0.25 1.28 0.27 -1.58 5.32 
 
FOREST 
Watershed 
2001 EL, .1 0.05 0.48 0.23 1.05 0.32 -0.50 1.47 
 
URBAN 
Buffer 2001 EL, .1 0.15 3.19 0.39 3.56 0.07 -0.34 6.72 
 
FOREST 
Buffer 2001 EL, .1 0.01 0.15 0.08 0.13 0.73 -0.74 1.04 
 
URBAN 
Watershed 
Difference EL, .1 0.53 7.54 0.73 17.74 0.00 3.75 11.34 
 
FOREST 
Watershed 
Difference EL, .1 0.04 0.47 0.19 0.78 0.39 -0.64 1.57 
 
URBAN 
Buffer 
Difference EL, .1 0.02 -0.80 -0.15 0.42 0.53 -3.40 1.79 
 
FOREST 
Buffer 
Difference EL, .1 0.00 0.02 0.02 0.01 0.95 -0.62 0.66 
 
 
 
 
Table 2-20. Pee Dee Flatwoods linear regression models result table for Box-Cox 
                     transformed dependent variable percent coarse organic debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
 
Upper 
CI 
Coarse 
Organic 
Debris 
URBAN 
Watershed 
2001 0.24 0.05 -1.57 -0.23 1.18 0.29 -4.57 1.43 
 
FOREST 
Watershed 
2001 0.24 0.07 0.42 0.26 1.50 0.24 -0.30 1.15 
 
URBAN 
Buffer 2001 0.24 0.00 0.45 0.06 0.06 0.81 -3.29 4.18 
 
FOREST 
Buffer 2001 0.24 0.02 0.19 0.14 0.44 0.51 -0.40 0.77 
 
URBAN 
Watershed 
Difference 0.24 0.02 -0.81 -0.14 0.38 0.54 -3.53 1.91 
 
FOREST 
Watershed 
Difference 0.24 0.01 0.15 0.07 0.10 0.76 -0.82 1.12 
 
URBAN 
Buffer 
Difference 0.24 0.32 -3.69 -0.57 9.12 0.01 -6.25 -1.13 
 
FOREST 
Buffer 
Difference 0.24 0.03 0.22 0.18 0.71 0.41 -0.32 0.77 
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Table 2-21. Pee Dee Flatwoods linear regression models result table for Box-Cox  
                     transformed dependent variable percent large woody debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
 
Upper 
CI 
LWD ELEVATION 0.09 0.22 0.01 0.47 5.77 0.03 0.00 0.02 
 
URBAN 
Watershed 
2001 El, 0.09 0.45 -3.27 -0.67 14.97 0.00 -5.04 -1.49 
 
FOREST 
Watershed 
2001 El, 0.09 0.09 0.29 0.30 1.92 0.18 -0.15 0.72 
 
URBAN 
Buffer 2001 El, 0.09 0.13 -1.57 -0.36 3.04 0.10 -3.45 0.31 
 
FOREST 
Buffer 2001 El, 0.09 0.04 0.15 0.20 0.84 0.37 -0.20 0.51 
 
URBAN 
Watershed 
Difference El, 0.09 0.35 -3.31 -0.59 8.71 0.01 -5.69 -0.93 
 
FOREST 
Watershed 
Difference El, 0.09 0.03 0.23 0.18 0.70 0.41 -0.35 0.81 
 
URBAN 
Buffer 
Difference El, 0.09 0.30 -1.56 -0.54 7.97 0.01 -2.72 -0.40 
 
FOREST 
Buffer 
Difference El, 0.09 0.02 -0.10 -0.14 0.38 0.55 -0.43 0.24 
 
 
 
 
Table 2-22. Pee Dee Atlantic Southern Loam Plains linear regression models result  
                    table for Box-Cox transformed dependent variable turbidity. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CI 
Upper 
CI 
Turbidity ELEVATION -0.17 0.16 0.00 0.40 3.07 0.10 0.00 0.01 
 
URBAN 
Watershed 
2001 -0.17 0.00 0.04 0.05 0.05 0.83 -0.38 0.47 
 
FOREST 
Watershed 
2001 -0.17 0.02 -0.14 -0.12 0.26 0.62 -0.71 0.43 
 
URBAN 
Buffer 2001 -0.17 0.00 -0.33 -0.06 0.06 0.81 -3.20 2.54 
 
FOREST 
Buffer 2001 -0.17 0.00 -0.04 -0.04 0.02 0.88 -0.51 0.44 
 
URBAN 
Watershed 
Difference -0.17 0.02 0.42 0.13 0.28 0.60 -1.25 2.09 
 
FOREST 
Watershed 
Difference -0.17 0.03 -0.21 -0.18 0.57 0.46 -0.78 0.37 
 
URBAN 
Buffer 
Difference EL,-0.17 0.00 0.03 0.01 0.00 0.96 -1.35 1.42 
 
FOREST 
Buffer 
Difference -0.17 0.00 -0.03 -0.03 0.02 0.89 -0.49 0.43 
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Table 2-23. Pee Dee Atlantic Southern Loam Plains linear regression models result  
                    table for Box-Cox transformed dependent variable percent fine organic 
                    debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CI 
Upper 
CI 
Fine 
Organic 
Debris ELEVATION .12 0.01 0.00 -0.11 0.22 0.64 -0.02 0.01 
 
URBAN 
Watershed 
2001 .12 0.01 0.20 0.08 0.10 0.75 -1.13 1.53 
 
FOREST 
Watershed 
2001 .12 0.02 0.52 0.13 0.27 0.61 -1.60 2.63 
 
URBAN 
Buffer 2001 .12 0.01 1.75 0.11 0.17 0.68 -2.07 0.87 
 
FOREST 
Buffer 2001 .12 0.03 0.58 0.17 0.45 0.51 -1.27 1.00 
 
URBAN 
Watershed 
Difference .12 0.10 -4.33 -0.32 1.79 0.20 -11.19 2.53 
 
FOREST 
Watershed 
Difference .12 0.01 -0.29 -0.08 0.10 0.76 -2.27 1.69 
 
URBAN 
Buffer 
Difference EL, .12 0.02 -1.66 -0.15 0.38 0.55 -7.33 4.02 
 
FOREST 
Buffer 
Difference .12 0.00 0.06 0.02 0.01 0.94 -1.46 1.57 
 
 
Table 2-24. Pee Dee Atlantic Southern Loam Plains linear regression models result  
                    table for Box-Cox transformed dependent variable percent coarse  
                    organic debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CI 
Upper 
CI 
Coarse 
Organic 
Debris 
WATERSHED 
AREA .3 0.22 0.00 0.47 4.68 0.05 0.00 0.01 
 
URBAN 
Watershed 
2001 WS,.3 0.01 0.15 0.38 0.15 0.70 -0.66 0.96 
 
FOREST 
Watershed 
2001 WS,.3 0.02 0.29 0.14 0.35 0.56 -0.76 1.31 
 
URBAN 
Buffer 2001 WS,.3 0.16 -3.77 2.23 2.86 0.11 -8.52 0.98 
 
FOREST 
Buffer 2001 WS,.3 0.01 0.18 0.10 0.19 0.67 -0.68 1.04 
 
URBAN 
Watershed 
Difference WS,.3 0.03 -0.97 -0.16 0.46 0.51 -3.97 2.04 
 
FOREST 
Watershed 
Difference WS,.3 0.00 0.09 0.04 0.03 0.87 -1.05 1.24 
 
URBAN 
Buffer 
Difference WSEL, .3 0.34 4.82 0.58 6.12 0.03 0.57 9.07 
 
FOREST 
Buffer 
Difference WS,.3 0.10 0.40 0.31 1.60 0.23 -0.28 1.08 
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Table 2-25. Pee Dee Atlantic Southern Loam Plains linear regression models result 
                    table for Box-Cox transformed dependent variable percent  
                    large woody debris. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CI 
Upper 
CI 
LWD 
WATERSHED 
AREA .14 0.29 0.01 0.54 6.80 0.02 0.00 0.01 
 
URBAN 
Watershed 
2001 WS,.14 0.20 -1.28 -0.45 4.04 0.06 -2.63 0.07 
 
FOREST 
Watershed 
2001 WS,.14 0.15 1.20 0.38 2.75 0.12 -0.33 2.74 
 
URBAN 
Buffer 2001 WS,.14 0.10 -1.92 -0.32 1.84 0.19 -4.91 1.08 
 
FOREST 
Buffer 2001 WS,.14 0.00 -0.18 -0.05 0.03 0.86 -2.38 2.02 
 
URBAN 
Watershed 
Difference WS,.14 0.01 0.95 0.09 0.12 0.73 -4.86 6.76 
 
FOREST 
Watershed 
Difference WS,.14 0.02 0.39 0.13 0.31 0.58 -1.08 1.86 
 
URBAN 
Buffer 
Difference WSEL, .14 0.38 7.27 0.62 8.72 0.01 1.99 12.54 
 
FOREST 
Buffer 
Difference WS,.14 0.05 0.52 0.23 0.92 0.35 -0.63 1.68 
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                   Figure 2-1. Mean 2001 urban watershed land use among ecobasins.  
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          Figure 2-2. Mean 2001 urban riparian 100m buffer land use among ecobasins. 
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Figure 2-3. Mean urban watershed land use change over time  
                                         among ecobasins. 
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 Figure 2-4. Mean urban riparian 100m buffer land use change over time  
                                among ecobasins. 
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  Figure 2-5. Mean 2001 forest watershed land use among ecobasins. 
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Figure 2-6. Mean 2001 forest riparian 100m buffer land use among 
                    ecobasins. 
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Figure 2-7. Mean forest watershed land use change over time among 
                     ecobasins. 
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Figure 2-8. Mean forest riparian 100m buffer land use change over time.
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Figure 2-9. ACE Flatwoods linear regression model showing Box-Cox 
                          transformed (λ=0.39)  % coarse organic debris as predicted  
                          by 2001 urban watershed land use. 
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             Figure 2-10. ACE Flatwoods linear regression model showing Box-Cox  
                                   transformed (λ=0.25) % LWD as predicted by forest  
                                   watershed land use change over time. 
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Figure 2-11. ACE Flatwoods linear regression model showing Box-Cox 
                     transformed (λ=0.25) % LWD as predicted by forest riparian 
                     100m buffer land use change over time. 
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Figure 2-12. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.1) turbidity as predicted by urban riparian  
                      100m buffer land use change over time. 
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Figure 2-13. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.1) % fine organic debris as predicted by  
                      urban watershed land use change over time. 
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Figure 2-14. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.24) % coarse organic debris as predicted by  
                      urban riparian 100m buffer land use change over time. 
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Figure 2-15. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.09) % LWD as predicted by 2001 urban  
                      watershed land use. 
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Figure 2-16. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.09) % LWD as predicted by urban watershed 
                      land use change over time. 
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Figure 2-17. Pee Dee Flatwoods linear regression model showing Box-Cox  
                      transformed (λ=0.09) % LWD as predicted by urban riparian  
                      100m buffer land use change over time. 
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Figure 2-18. Pee Dee Atlantic Southern Loam Plains linear regression model   
                     showing Box-Cox transformed (λ=.3) % coarse organic debris as  
                     predicted by urban riparian 100m buffer land use change 
                     over time. 
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Figure 2-19. Pee Dee Atlantic Southern Loam Plains linear regression model  
                      showing Box-Cox transformed (λ=0.14) % LWD as predicted by  
                       urban riparian 100m buffer land use change over time. 
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APPENDIX A 
Land Use Categories Based on USGS National Land Cover Data (NLCD) 
Classifications for 1992 and 2001 
 
    20011992    
11 open water  11 open water 
12 perennial ice/snow  12 perennial ice/snow 
21 low intensity residential  21 developed, open space 
22 high intensity residential  22 developed, low intensity 
23 commercial/industrial/transportation  23
developed, medium 
intensity 
31 bare rock/ sand/clay  24 developed, high intensity 
32 quarries/strip mines/gravel pits  31 barren land 
33 transitional  32 unconsolidated shore 
41 deciduous forest  41 deciduous forest 
42 evergreen forest  42 evergreen forest 
43 mixed forest  43 mixed forest 
51 shrubland  52 scrub/shrub 
61 orchards/vineyards/other  71 grasslands/herbaceous 
71 grasslands/herbaceous  81 pasture/hay 
81 pasture/hay  82 cultivated crops 
82 row crops  90 woody wetlands 
83 small grains  95
emergent herbaceous 
wetland 
84 fallow     
85 urban/recreational grasses     
91 woody wetlands  KEY   
92 emergent herbaceous wetlands    water 
      urban/impervious 
      forest 
      pasture/scrubland 
      
agriculture (cultivated 
crops) 
        wetlands 
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APPENDIX B 
Organic substrate categories and descriptions 
 
Organic Substrate Categories Description 
FPOM: Fine Particulate Organic Matter < 1mm diameter 
CPOM: Coarse Particulate Organic 
Matter > 1mm diameter 
FWD: Fine Woody Debris 3-10 cm diameter, > 50 cm length  
LWD: Large Woody Debris >10 cm diameter, > 50 cm length 
AV: Aquatic Vegetation 
perennial aquatic vegetation and filamentous 
algae 
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CHAPTER 3 
  
THE EFFECTS OF LANDUSE AND ORGANIC SUBSTRATE ON  
SOUTH CAROLINA COASTAL PLAIN FISH ASSEMBLAGES 
 
Introduction 
The biotic composition of streams is inextricably linked to both in-stream 
physical habitat as well as terrestrial landscape features.  Natural watershed and riparian 
landscape features such as geology, terrestrial hydrology, vegetation and elevation shape 
and influence in-stream hydrology, water quality, geomorphology, and organic inputs 
(Johnson and Gage 1997, Crosbie and Chow-Frasier 1999, Allen 2004).  However, 
anthropogenic land disturbances such as deforestation (Jones et al. 1999) and 
urbanization (Paul and Meyer 2001, Wang et al. 2001) can interfere with these natural 
drivers of stream condition and dramatically alter stream environments through numerous 
disturbance pathways to the detriment of biological communities.  Conceptually, 
watershed and riparian land disturbances can affect in-stream conditions in any of the 
following ways: by changing flow regime, energy sources, water quality, and physical 
structure.  In turn, alterations of in-stream conditions can exceed individual tolerance 
limits and influence biotic interactions of aquatic organisms, a causal pathway that may 
ultimately alter biological community structure (Karr 1991).  For example, disturbed 
aquatic systems commonly display declines in richness and diversity (Morgan and 
Cushman 2005, Stauffer et al. 2000, Roy et al. 2007), loss of species with small 
geographic range sizes (endemics; Angermeier 1995, Purvis et al. 2000), and loss of 
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species with specific life history requirements (Walters et al. 2003, Scott 2006, 
Sutherland et al. 2002).  
Results from chapter two indicated primarily that forest loss, and urban landscape 
disturbances at both the watershed and riparian scale were related to the degradation of 
in-stream organic substrate composition of three South Carolina coastal plain ecobasins.  
Numerous studies have emphasized the link between land use and organic substrate 
(woody debris) availability, and noted the importance of woody debris for fishes (Dolloff 
1993, Johnson et al. 2003).  Woody organic debris plays a complex role in stream 
physical, chemical, and biological processes.  Coarse woody debris, in particular, plays 
an important role in structuring fish communities by shaping channel morphology and 
available habitat, providing food resources, and by providing protective cover (Monzyk 
et al. 1997, Crook and Robertson 1999).  Coarse woody debris may play a 
disproportionately large role in coastal plain streams, where shifting sands and clays 
otherwise provide relatively little stable substrate habitat for fishes and their 
macroinvertebrate food sources (Benke et al. 1985, Wallace et al. 1993).  Organic woody 
debris also contributes to the physical variation and complexity of in-stream 
environments (Cordova et al. 2007, Sheilds and Smith 1992).  Increased physical habitat 
complexity is known to support more biologically diverse and stable fish assemblages 
(Gorman and Karr 1978, Jones et al. 1999).  The primary objective of this study was to 
examine the relationships among urban and forest land use at multiple spatial scales, in-
stream organic substrate variables, and fish assemblage composition in three South 
Carolina Coastal Plain ecobasins.   
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The relationships between land use and fish communities, and organic debris and 
fish communities are often evaluated by examining changes is traditional metrics such as 
richness, diversity, and relative abundance.  Modern community ecology examines 
patterns such as variations in species richness and diversity to observe population 
response to changes/disturbances of ecosystems.  Maximizing species richness and 
diversity is often an explicit goal of conservation efforts, and these measurements often 
underlie many widely used ecological models and indices, such as indices of biotic 
integrity (IBI’s) (Karr 1991).  In addition, the current background rates of species 
imperilment are often calibrated against patterns of richness and diversity (Gotelli and 
Colwell 2001).  While these traditional metrics are generally useful, they contain no real 
biological information.  They simply provide numerical summaries of samples and 
cannot be used to deduce the biological interrelationships among the individuals that 
make up the samples (Wootton 1998).  Traditional metrics of fish assemblage 
composition may not capture the specific relationships between land use disturbances and 
their effects on biological assemblages.  For example, a study by Scott and Helfman 
(2001) found that fish assemblages within disturbed stream systems were characterized 
by a constant or even increased richness and diversity because of invasions or 
introductions of generalist fishes that presumably out-compete fishes that have more 
sensitive and specific life history requirements.  Therefore, in order to elucidate more 
specific information on how land use and organic substrate are related to biotic 
assemblages, this study will examine multiple metrics of fish composition, including both 
traditional metrics of richness, diversity, and relative abundance, as well as two ‘non-
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traditional’ metrics of endemic abundance (restricted range relative abundance), and 
guild breadth.   
Restricted range species are those with small geographic ranges, a characteristic 
termed endemism.  An established relationship exists between endemic species and risk 
of endangerment (Angermeier 1995, Purvis et al. 2000).  Endemic species typically 
possess specialized life history characteristics that make them adapted to relatively 
specific environmental conditions.  When an ecosystem becomes destabilized 
(environmental degradation), it is typical that these species are the first candidates for 
imperilment (Scott and Helfman 2001, Scott 2006).  It is the generalist species that more 
readily adapt to new environmental conditions.  Endemic fishes in the southeast are far 
more abundant in upland areas that have long standing geographic isolation and are 
relatively undisturbed systems than in lowland streams.  However, there are a handful of 
species that are endemic to the coastal plain and have relatively small restricted ranges.  
This study examined the relative abundances of these coastal plain endemic species to 
determine if relationships exist with land use and organic substrate variables.   
Several studies have suggested that observed changes in trophic, reproductive, 
habitat, etc. guilds may be productive for studying the relationships among land use, in-
stream habitat, and fish assemblage composition (Berkman and Rabeni, 1987, Rabeni and 
Smale 1995, Sutherland et al. 2002, Poff 1997).  Guilds are groups of species, without 
regard to taxonomic position, that exploit the same class of environmental resources in a 
similar way (Putman 1994).  Guild breadth is a metric which represents variation in 
trophic, reproductive and habitat preference.  Among endemic, or specialized fish 
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species, highly specific trophic, reproductive, and habitat requirements may be a liability 
where widespread land use change or alterations of in-stream conditions have occurred.  
The presumed mechanism driving loss among many fish species is escalated habitat 
simplification (Miller et al. 1989, Jones et al. 1999).  It is hypothesized that there will be 
less variability in guild structure (guild breadth metric will be low) in degraded 
landscapes and/or degraded in-stream conditions.  Conversely, it is expected that there 
will be more variability in guild structure (guild breadth metric will be high) in less 
degraded landscapes and/or with less degraded in-stream conditions. 
When conducting landscape-influence assessments it is important to discern 
between the relative effects of anthropogenic land use versus natural landscape variations 
on in-stream conditions and fish assemblage structure (Stauffer et al. 2000, Allan 2004, 
McRae et al. 2004, Richards et al. 1996).  In part, to control for the relative effects of 
natural landscape features, the study has divided South Carolina into distinct ecobasins (a 
sampling unit stratified by the combination of ecoregion and unique river basin).  The 
ecobasins allow researchers to account for natural gradients in taxonomic composition 
and abiotic variables (geology, topography, hydrology, drainage basin, vegetation, water 
quality, etc).  In addition, this study has utilized statistical methods specifically designed 
to control for natural gradients of elevation and watershed area of individual sites within 
ecobasins.   
Landscape-influence studies are further complicated by historical land use or 
‘legacy effects’, which may influence present day fish community composition.  Legacy 
effects are the impacts of past land-use activities which may lead to long-term 
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modifications of environmental conditions for extensive periods of time after the initial 
disturbance impacts (Harding et al. 1998).  South Carolina coastal plain landscapes have 
undergone dramatic land use activity over the past 300 years, ranging from the harvest of 
timber, cultivation of land for agriculture, and most recently land development for urban 
use (SCDNR 2005).  Unfortunately, it can be very difficult to quantify the impacts of 
legacy effects, particularly when long term spatial, environmental, and biological data are 
unavailable.  However, from a conceptual standpoint, it remains important to think about 
land disturbances over a spectrum of time rather than at a specific point in time.  
Therefore, this study examined watershed land use and stream riparian 100m buffer land 
use change over time (1992-2001) to observe if land use change over time may be more 
influential to present day biotic fish assemblage structure than present day land use 
conditions are.   
The primary objective of this study was to examine 5 individual metrics of fish 
assemblage composition (richness, Shannon diversity, relative abundance, endemic 
abundance (restricted range relative abundance), and guild breadth) and quantify their 
relationships with organic debris (fine organic debris, coarse organic debris, large woody 
debris), current (2001) forest and urban watershed and riparian 100m buffer land use, as 
well as forest and urban watershed and riparian land use change over time (1992-2001).  
Methods 
Study Sites 
South Carolina has been divided into 30 ecobasins, a sampling unit based on 
ecoregion and drainage basin.  This study includes 3 individual coastal plain ecobasins, 
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the ACE Carolina Flatwoods (n=36), the Pee Dee Carolina Flatwoods (n=23), and the 
Pee Dee Atlantic Southern Loam Plains (n=20).  The number of streams sampled in each 
ecobasin was based on the proportion of land that a particular ecobasin encompassed 
within the state.  Sites were systematically selected from the South Carolina Department 
of Natural Resources (SCDNR) stream assessment project’s randomly generated data 
base of potential sample sites. Streams varied in watershed area (1.15km²-99.8km²). 
Sampling was conducted May-August of two sampling seasons (2006-2007).  The South 
Carolina Department of Natural Resources standard operating procedures for the 
conservation planning project were followed (SCDNR 2006).   
Land Use  
Urban and forest landscape influences were identified at both the whole-
watershed scale which included the entire drainage area upstream of sample sites, and a 
riparian 100 m stream buffer scale which defined a 100 m riparian area adjacent to each 
side of the stream for the entire upstream extent of the stream network.  Land use data 
was obtained from the U.S. Geological Survey (USGS) national map seamless server 
(http://seamless.usgs.gov).  The USGS site hosts digital elevation models, and land use 
cover data for 2001 and 1992.  Four land use variables were derived for both urban and 
forest land use: 1) 2001 watershed land use, 2) 2001 riparian 100m buffer land use, 3) 
watershed land use change over time (% watershed land use change over time = 2001 
watershed land use - 1992 watershed land use), and 4) riparian 100m buffer land use 
change over time (% riparian 100m buffer land use change over time = 2001 riparian 
100m buffer land use - 1992 riparian 100m buffer land use).  
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Urban and forest land cover data are produced by the Environmental Protection 
Agency’s (EPA) Multi-Resolution Land Characteristics Consortium (MRLC).  The 
NLCD distinguishes 16 land cover class definitions for 2001, and 21 land cover class 
definitions for 1992 (www.epa.gov/mrlc/definitions).  For the purpose of this project, 
pertinent land cover classes were summed to create 2 land use categories, urban and 
forest.  All map layers were projected in the Universal Transverse Mercator (UTM) 
projection system (zone 17 N), using the North American 1983 datum. 
Organic Substrate Measures 
Benthic organic substrate composition was quantified using the ‘zig-zag’ method 
of habitat sampling (Bevenger and King 1995).  This method required traversing a 
random ‘zig-zag’ longitudinal transect in a downstream to upstream direction along the 
sample reach.  A total of 50 individual measurements were taken that classified the 
substrate found at random point along the transect.  If the substrate was inorganic, then 
particle size was measured in millimeters at its intermediate axis.  If the substrate was 
organic, it was classified into one of the following categories: 1) Fine Particulate Organic 
Matter (% FPOM), 2) Course Particulate Organic Matter (% CPOM), 3) Fine Woody 
Debris (% FWD), 4) Large Woody Debris (% LWD), 5) Aquatic Vegetation (% AV) 
(Appendix A). If one of the 50 random sampling points fell on a dry section of the 
stream, that particular point was recorded as ‘dry’ and the total sample was reduced by 
the number of ‘dry’ points.  Organic substrate classes were individually calculated as 
percent of organic class out of total organic class measurements.  For the statistical 
evaluation, principle components analyses (PCA) results discussed in chapter 2 indicated 
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that fine organic debris and aquatic vegetation could be summed to create a single ‘fine 
organic debris’ variable.  Likewise, PCA results also indicated that fine woody debris and 
large woody debris could be summed to create a single ‘coarse organic debris’ variable.  
In addition, because previous research has indicated that large woody debris may provide 
a disproportionately important source of in-stream habitat and stream structure, this 
variable was looked at separately (Benke 1995, Dolloff 1993). 
Sampling Procedures 
Fish Collection 
The SCDNR standard operating procedures for the stream conservation planning 
project were followed (SCDNR 2006).  Fishes were collected using backpack 
electrofishing devices (Appalachian Aquatics Model AA-24).  A three-pass method was 
used along a reach length of 20 times average stream width.  All habitats were sampled 
exhaustively.  Block nets were used unless the stream reach was sufficiently blocked at 
one (or both) ends of the sample reach by a natural barrier.  Fishes were identified to 
species, counted, recorded, and released.  Specimens that could not be positively 
identified in the field were preserved in a 70% ethanol solution and returned to the lab for 
identification.  
Fish Metrics 
Richness, Shannon Diversity, and Relative Abundance 
Species richness is the simplest measure of diversity.  Richness is simply a count 
of the number of different species in a given sample.  The metric is widely used as an 
indicator of the overall heath of aquatic ecosystems.  Shannon diversity is a more 
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comprehensive and widely used measure of species diversity in a community.  The 
Shannon diversity calculation accounts for both abundance and evenness of the species 
present.  The equation follows: H= -∑pi *  ln pi, where H=Shannon’s diversity index, and 
pi is the proportion of the total number of species in the community made up by the ith 
species (Magurran 1988).  Relative abundance is an estimate of the actual abundance of a 
particular species.  Relative abundance is calculated as the raw abundance of a particular 
species divided by the raw abundance of all species in a particular sample.  This 
calculation allows us to look at the abundance of one species relative to the abundance of 
other species.  The relative abundance data was analyzed using non-metric 
multidimensional scaling (NMS) (PCORD version 4).  Monte Carlo tests were used to 
determine if NMS ordinations were significantly different than random permutations of 
data.  The NMS axis scores associated with the resulting axis with the highest 
explanatory power (R²) were retained and used as linear dependent variables in linear 
regression models.  
Endemic Abundance (Restricted Range Relative Abundance) 
 Coastal plain range restricted (endemic) fishes were identified by complete 
restriction to the level III ecoregions Middle Atlantic Coastal Plain, Southern coastal 
plain, and Southern Florida coastal plain.  If a fish’s distribution range fell completely 
within these designated level III ecobasins, then the species was determined to be coastal 
plain range restricted.  Fishes whose distribution range fell within restricted range status, 
but were considered catadromous or anadromous were excluded as restricted range 
fishes.  There were a total of 10 coastal plain endemics, however some of these species 
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were only found in one and not both the Pee Dee and the Ace river basins (Appendix B).  
A complete list of South Carolina coastal plain species and corresponding species codes 
are located in appendix C.  The relative abundance of restricted range species was 
calculated by dividing the raw number of restricted range individual fishes by the total 
raw number of fishes collected at a given site. 
Guild Breadth 
Fishes were placed in trophic, reproductive, and habitat guilds based on life 
history characteristics (Lee et al. 1980, Marcy et al. 2005, Boschung and Mayden 2004, 
Page 1983, Etnier and Starnes 1993, Jenkins and Burkhead 1994, Rhode et al. 1994, 
Rhode, F. pers. comm., Starnes, W. pers. comm.; Appendixes D,E,F).  Guild breadth was 
calculated for each sampled site by dividing the number of guilds present by the total 
number of possible guilds for a particular ecobasin.  The guild breadth calculation is 
meant to represent the variation in tropic, reproductive, and habitat preferences among 
fish in an assemblage. 
Trophic guilds were general omnivores (GO), benthic omnivores (BO), general 
invertivores (GI), benthic invertivores (BI), general invertivore/piscivore (GIP), and 
benthic invertivore/piscivore (BIP).  General omnivores feed throughout the entire water 
column and are opportunists. They eat other fish, invertebrates, plant matter, detritus and 
scavenge.  Benthic omnivores display similar feeding behavior, but are primarily 
constrained to bottom feeding.  General invertivores feed primarily on invertebrates 
throughout the water column.  Benthic invertivores also feed primarily on invertebrates, 
but are restricted to benthic feeding behavior.  General invertivore/piscivores feed on 
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both invertebrates and fishes throughout the water column. This group tends to contain 
highly predatory fishes.  Benthic invertivore/piscivores are also highly predatory on both 
invertebrates and fishes, but are restricted to benthic feeding behavior.   
Reproductive guilds were benthic excavators (BE), benthic egg scatterers (BES), 
benthic crevice (BC), plant/woods spawners (PWS), gravel/sand (GS), and livebearers 
(LIVE).  Benthic excavators spawn by excavating depressions, often saucer-like, in 
which they place their eggs.  Benthic egg scatterers do not modify the steam bed, but 
typically have demersal and/or adhesive eggs which they scatter directly over a variety of 
benthic substrates.  Benthic crevice spawners also do not modify the stream bed, but 
spawn directly in available crevices within woody debris, root masses, inorganic 
substrates, etc.  Plant/wood spawners place eggs directly, often singly, onto plants or 
woody debris.  Gravel/sand spawners actively bury their eggs in the gravel and/or sand.  
The eggs fall within the interstices of the gravel/sand and develop there.  Livebearers 
give birth to live young.  Fishes that primarily utilize habitat in marine or brackish waters 
to spawn were excluded from reproductive guild categories (MMC: Fundulus 
heteroclitus, AEL: Anguila rostrata, HCK: Trinectes maculatus, MKF: Fundulus 
confluentus) 
Habitat guilds included benthic (B), non-benthic lower to mid water column 
(NBC), non-benthic mid to upper water column (NBT), and aquatic vegetation, 
wood/root mass dwellers (AVW).  Benthic fishes are primarily restricted to benthic 
dwelling.  Non-benthic lower to mid-water fishes can utilize the entire water column, but 
tend to position themselves between the benthos and the mid-water column.  Non-benthic 
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mid to upper water column dweller can also utilize the entire water column, but tend to 
position themselves above the middle of the water column.  Some of the fish in this 
category can be considered to be ‘top-water’ fishes.  Aquatic vegetation/root mass 
dwellers are virtually restricted to vegetation or root masses.  They are almost never 
captured in other locations.   
Data Analysis 
 I used linear regression models to evaluate the hypothesis that five fish metric 
variables were influenced by organic substrate and land use variables in three individual 
coastal plain ecobasins.  The five fish metric variables were used as dependent variables, 
and organic substrate and land use variables were independent variables in regression 
models.  For each ecobasin, Pearson correlation matrices were run on all predictor 
variables to determine if they met model assumptions of independence.  If Pearson 
correlations among variables exceeded 0.50, then it was determined that variables did not 
meet model assumptions of independence, and therefore could not be utilized in multiple 
regression models.  If predictor variables lacked independence, simple linear regression 
were utilized in lieu of multiple regressions.   
The Box-Cox procedure for finding optimal power transformations were used on 
all  dependent variables (Y) in order to make linear models more appropriate to the data 
by imposing linearity, reducing skewness or stabilizing residual variance (Sokal and 
Rohlf 1995).  Individual linear regressions were run using Box-Cox transformed fish 
metric variables as dependent variables.  The ‘natural’ landscape feature independent 
variables of watershed area (km²) and elevation (m) were examined first to determine if 
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they were significant predictors of any dependent variables or if they were highly 
correlated with any of the independent variables.  If either was the case, then I collected 
residuals from regressions and used them as dependent variables. This enabled me to 
account for watershed area and elevation as natural features of the landscape, and 
remaining variation was used in regressions with organic substrate and land use as 
predictor variables.  All regressions were examined to determine if they fit linear model 
assumptions of linearity, independence, homoscedacity, and normality.  
 Outliers were identified initially by converting all data to z-scores.  Outliers were 
determined in their z score exceeded ׀3׀, and were thrown out from all analyses. While 
running individual regressions, outliers were further identified by calculating 
standardized df Betas.  These standardized values were easy to use because universal cut-
off points could be applied (Field 2005).  Data with standardized df Beta values greater 
than ׀1׀ were considered to substantially influence model parameters were eliminated on 
an individual regression basis. 
Results 
 Simple linear regression models were used (rather than multivariate) because of 
problems with independence among predictor variables.  This was inherently risky 
because increasing the numbers of analyses increased the likelihood of type I error.  In 
addition, no post hoc tests (e.g. Bonferroni adjustments) were conducted in fear that they 
would mask any information that could be gleaned from the data.  Post hoc adjustments 
would increase the chance of type II error and given the exploratory nature of the study, it 
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was decided to risk the chance of type I error rather than risk type II error.  Linear 
regression results are discussed below.  
Traditional Metrics:  
Richness, Shannon diversity, Relative Abundance 
 
 Linear regression models among all three ecobasins showed that both richness 
and Shannon diversity metrics were related to organic substrate variables, in particular 
both metrics were increased in streams with increased coarse and/or large woody debris.  
Land use variables were generally poor predictors of both richness and Shannon 
diversity.  Relative abundance ordinations were useful only in the Pee Dee Flatwoods.  
Specific results for individual ecobasins are discussed separately. 
ACE Flatwoods 
 Richness ranged from 2-22 species among ACE Flatwoods sites.  Richness was 
significantly, positively related to large woody debris (R²=0.15), indicating that increased 
richness was related to the increased occurrence of large woody debris (table 3-1, figure 
3-1).  However, richness was not related to any of the land use variables.  Shannon 
diversity ranged from 0.3- 2.33, and was significantly predicted by the occurrence of 
large woody debris (R²=0.11; table 3-2, figure 3-2).  The relationship between Shannon 
diversity and large woody debris was positive, indicating that increased Shannon 
diversity was related to increased frequency of occurrence of large woody debris.  
Shannon diversity was not significantly predicted by any of the land use variables.  The 
relative abundance NMS ordination produced a three-dimensional solution using 72 
iterations of real data (final stress = 11.74893, final instability = 0.00001), and a Monte 
Carlo test indicated that the NMS produced stronger axes than expected by change (50 
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iterations, p=0.0196).  The NMS axis 2 explained the highest amount of variation in the 
data (R²=0.42; figure 3-3).  The resulting NMS scores associated with axis 2 were 
retained and used as a linear dependent variable in simple linear regression models.  
Neither the organic substrate variables, nor the land use variables were found to be 
significantly related to the relative abundance NMS ordination axis 2 scores (table 3-3).  
Pee Dee Flatwoods 
 Richness among Pee Dee Flatwoods sites ranged from 4-21 species.  Large 
woody debris was the only independent variable found to be significant (R²=0.20; table 
3-4, figure 3-4).  The relationship between richness and large woody debris was positive, 
indicating that increased richness was related to increased large woody debris.  No land 
use variables were found to be significant predictors of richness.  Shannon diversity 
calculations ranged from 0.373-2.479.  Shannon diversity was significantly predicted by 
coarse organic debris (R²=0.39; table 3-5, figure 3-5) and large woody debris (R²=0.35; 
table 3-5, figure 3-6).  Both relationships between Shannon diversity and coarse and large 
organic debris were positive, indicating that increased Shannon diversity was related to 
an increased frequency of occurrence of both coarse and large organic debris.   
The relative abundance NMS ordination produced a two-dimensional solution 
using 52 iterations (final stress = 10.721, final instability = 0.000).  A Monte Carlo test 
indicated that the NMS produced stronger axes than expected by chance (50 iterations, p= 
0.0196).  The NMS axis 2 explained the highest amount of variation in the data (R²=0.65; 
figure 3-7).  The resulting relative abundance NMS scores associated with axis 2 were 
retained and used as linear dependent variables in simple linear regression models.  
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Linear regression models showed that one land use variable was significantly related to 
relative abundance NMS axis 2 scores: forest riparian 100 m buffer land use change over 
time (R²=0.49; table 3-6, figure 3-8).  The relationship between forest riparian 100m 
buffer land use and the relative abundance NMS axis 2 was positive. Species found in 
sites with increased riparian forest loss over time were located toward the negative end of 
axis 2, and species found in sites with minimal riparian forest loss over time were located 
toward the positive end (figure 3-7).   
Pee Dee Atlantic Southern Loam Plains 
Richness among Pee Dee Atlantic Southern Loam Plains sites ranged from 4-25 
species.  Richness was significantly predicted by large woody debris (R²=0.32; table 3-7, 
figure 3-9), and urban riparian 100m buffer land use change over time (R²=0.34; table 3-
7, figure 3-10).  Both relationships were positive, indicating that increased richness was 
related to both higher occurrences of large woody debris and increased urban riparian 
development over time.  Shannon diversity ranged from 0.11-0.871, a range which was 
generally lower than either of the other two ecobasins.  Shannon diversity was not 
significantly predicted by organic substrate variables, or by land use variables (table 3-8).  
The relative abundance NMS ordination produced a two-dimensional solution using 124 
iterations (final stress = 9.61253, final instability = 0.00001).  A Monte Carlo test 
indicated that the NMS ordination produced stronger axes than expected by chance (50 
iterations, p = 0.0196).  The relative abundance NMS axis 1 explained the highest amount 
of variation in the data (R²=0.6; figure 3-11).  The resulting NMS scores associated with 
axis 1 were retained and used as a linear dependent variable in simple linear regression 
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models.  Relative abundance axis 1 NMS scores were not significantly predicted by 
organic substrate variables or land use variables (table 3-9).  
Endemic Abundance (Restricted Range Relative Abundance) 
 Linear regression models among all three ecobasins showed that the strongest 
predictor of endemic abundance was forest riparian 100m buffer land use change over 
time, indicating that increased endemic abundance was related to minimal riparian forest 
loss.  Organic substrate variables were poor predictors of the relative abundance of 
restricted range species in all three ecobasins.  Specific results for individual ecobasins 
are discussed separately. 
ACE Flatwoods 
The relative abundance of restricted range species captured in ACE Flatwoods 
sites ranged from 0.0% to 45.99% of total fishes captured among sites.  Although none of 
the organic substrate variables were significant predictors of endemic abundance, two 
land use variables were.  Both forest watershed land use change over time (R²=0.28; table 
3-10, figure 3-12), and forest riparian 100 m buffer land use change over time (R²=0.30; 
table 3-10, figure 3-13) were significant predictors of endemic abundance.  Both 
significant land use variables were positively related to the relative abundance of 
restricted range species in the ACE Flatwoods, indicating that the abundance of coastal 
endemics tended to be higher where there was minimal watershed and riparian forest loss 
over time.       
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Pee Dee Flatwoods 
The relative abundance of range restricted species at Pee Dee Flatwoods sites 
ranged from 0.0 % to 16.9% of total fishes captured.  None of the organic substrate 
variables were significant predictors of the relative abundance of restricted range species 
in linear regression models.  Of the land use variables, forest riparian 100m buffer land 
use change over time was the only significant predictor endemic abundance (R²=0.20; 
table 3-11, figure 3-14).  The relationship was positive, indicating that increased endemic 
abundance was related to minimal riparian forest loss.   
Pee Dee Atlantic Southern Loam Plains 
The relative abundance of restricted range species ranged from 0.0% to 12.61% of 
total fishes captured among sites.  Linear regression models indicated that none of the 
organic substrate variables were significantly related to the relative abundance of 
restricted range species.  However, two land use variables, 2001 forest riparian 100m 
buffer land use (R²=0.23; table 3-12, figure 3-15), and forest riparian 100m buffer land 
use change over time (R²= 0.27; table 3-12, figure 3-16) were significantly related to 
endemic abundance.  Both significant land use variables had a positive relationship with 
endemic abundance, indicating that increased endemic abundance was related to both 
increased current riparian forest and minimal riparian forest loss over time.    
Guild Breadth 
Guild breadth across ecobasins was generally increased with minimal landscape 
disturbances.  Results for the ACE Flatwoods indicated that increased guild breadth was 
related to decreased fine organics, and increased coarse and large organics, and well as to 
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minimal forest watershed loss over time.  The Pee Dee Flatwoods showed no relationship 
between guild breadth and organic substrate variables or land use variables.  Results for 
the Pee Dee Atlantic Southern Loam Plains indicated that guild breadth was increased in 
sites with minimal urban watershed development over time. Specific results for 
individual ecobasins are discussed separately. 
ACE Flatwoods 
 Guild breadth among sites ranged from 37.5% to 100%.  Guild breadth was 
significantly predicted by all of the organic substrate variables.  Guild breadth was 
negatively related to fine organic debris (R²=0.19; table 3-13, figure 3-17), and positively 
related to both coarse organic debris (R²=0.12; table 3-13, figure 3-18) and large woody 
debris (R²=0.24; table 3-13, figure 3-19).  These results suggested that guild breadth was 
decreased with increased fine organics, and guild breadth was increased with increased 
coarse and large organics.  In addition, guild breadth was significantly related to forest 
watershed change over time (R²=0.18; table 3-13, figure 3-20), indicating that guild 
breadth was increased in streams with minimal watershed forest loss.  
Pee Dee Flatwoods 
Guild breadth ranged from 66.67% to 100%.  Guild breadth was not significantly 
related any of the organic substrate variables, or land use variables in the Pee Dee 
Flatwoods (table 3-14).  
Pee Dee Atlantic Southern Loam Plains 
 Guild breadth ranged from 66.7 % to 100.00%.  Guild breadth was not 
significantly related to any of the organic substrate variables.  However, guild breadth 
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was significantly predicted by one land use variable, urban watershed land use change 
over time (R²=0.32; table 3-15, figure 3-21).  The relationship between the two variables 
was negative, and indicated that guild breadth decreased as urban watershed land use 
increased over time.  
Discussion 
Traditional Metrics: Richness, Shannon Diversity, Relative Abundance  
Richness and Shannon diversity were positively related to organic substrate 
variables among all three ecobasins, particularly large woody debris.  However, the 
traditional metrics were less likely to be related to land use variables (except as observed 
in the Pee Dee Atlantic Southern Loam Plains, see below for discussion).  This was a 
statistical incongruity because chapter 2 results indicated predominately that increased 
coarse and large organics among ecobasins were generally related to minimal forest loss 
and minimal urbanization.  Relative abundance NMS ordinations were only found to be 
useful in the Pee Dee Flatwoods.  Each of the three ecobasins showed significant 
relationships between at least one of the traditional measures of fish assemblage structure 
and independent variables; therefore, individual ecobasins are discussed separately. 
ACE Flatwoods 
 Both richness and Shannon diversity were significantly related to large woody 
debris.  Both relationships were positive, indicating that there were observed increases in 
richness and Shannon diversity among sites with increased occurrences of large woody 
debris.  These results strengthen the logic embraced by this paper which is that large 
organics play an important role in habitat function/creation for coastal plain fishes. There 
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is strong evidence from previous studies that indicates that the presence of woody debris, 
particularly large woody debris, increases fish abundance (richness) and diversity in 
warmwater streams (Angermeier and Karr 1984, Dolloff 1993, Monzyk 1997, Lester 
2007).  The presence of large wood increases in-stream habitat complexity, thereby 
contributing to the physical variation of in-stream environments.  Structurally complex 
habitats tend to have higher species diversity than less complex habitats (Gorman and 
Karr 1978, Wootton 1998).  Woody debris also provides a stable medium for bacterial, 
fungal, and invertebrate colonization, all of which aid in the decomposition of organic 
debris and represent a major component in the in-stream trophic food web (Smock 1985).  
Numerous coastal plain studies have documented the importance of woody debris as 
important habitat for macroinvertebrate food sources (Lester et al. 2007, Smock et al. 
1985, Benke et al, 1984).  In fact, several studies have found that large wood habitats 
were the most important contributors to total macroinvertebrate taxa in coastal plain 
streams (Johnson et al. 2003, Benke et al., 1985).  In addition, large woody debris may 
offer protective cover for fishes.  Fishes may seek cover in or near woody debris, as a 
refuge from predation (Crook and Robertson 1999). 
There were found to be no significant relationships between any of the traditional 
metrics of fish assemblage structure and land use variables.  However, results from 
chapter 2 indicated that increased large woody debris was related to sites with minimal 
forest loss.  While this represents a statistical incongruity that needs to be examined in 
future studies, it remains logical to assume that sites with increased richness were related 
to both increased occurrences of large woody debris and minimal forest loss over time.   
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However, this lack of results (with land use) for richness and Shannon diversity 
may have two additional important implications: first, it may imply that traditional 
metrics such as richness and Shannon diversity were not suitable for deciphering 
relationships between assemblage structure and terrestrial land use.  Lower elevation 
Southeastern streams have evolved over geologic time with high levels of hydrological 
connectedness, therefore they tend to share many species.  While the density of these 
species may be related to in-stream habitat variables such as large woody debris presence, 
measures of richness and diversity do not account for biological stratification in the sense 
that they contain no real biological information.  For example, two streams with identical 
richness and diversity measurements may contain two very different fish assemblages.  A 
stream within a relatively pristine terrestrial environment may contain a high number of 
intolerant sensitive taxa, and another stream within a degraded landscape may contain 
many tolerant taxa.  Measures of richness and diversity will not necessarily pick up on 
these differences in composition (and stream condition), therefore it may be more 
important to look at the biological and ecological attributes of an assemblage in order to 
detect relationships with terrestrial land use variables. 
Second, the results may imply that while richness and Shannon diversity were 
understandably related to in-stream structure such as large woody debris, there may also 
be additional in-stream environmental variables that are as important or more important 
in deciphering a link between community structure, in-stream environments, and land 
use.  This second proposition is strengthened by the fact that both richness (R²=0.15) and 
Shannon diversity (R²=0.11) were only weakly predicted by large woody debris.  While 
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relatively weak relationships are typical of studies relating stream biotic variables to in-
stream abiotic variables and terrestrial land use (Roy et al. 2006), weak relationships may 
also suggest that additional in-stream environmental and/or terrestrial variables not 
accounted for may also play an important role in biological organization.  
Pee Dee Flatwoods 
 All three traditional metrics were found to be significantly related to independent 
variables.  Richness was positively related to large woody debris, and Shannon diversity 
was positively related to both coarse and large organic debris.  These results strongly 
suggest, again, that the occurrence of coarse and large organics play an important role in 
coastal plain habitat function.  The advantages of woody debris on general habitat 
availability have been widely discussed throughout this paper.  These findings also 
reiterate ACE Flatwoods results in that richness and Shannon diversity metrics did not 
detect relationships with land use variables.  Again, this represents a statistical 
incongruity, because chapter 2 results indicated that increased coarse and large organics 
were related to minimal urbanization (at both the watershed and riparian scale).  
However, it is logical to assume (with reservation) that increased richness and Shannon 
diversity were related to sites with increased coarse and large organics as well as minimal 
watershed and riparian urbanization.   
Results for relative abundance were, on the other hand, related to land use 
variables and not organic substrate variables.  The Pee Dee Flatwoods represented the 
only ecobasin in which relative abundance was significantly related to any of the 
independent variables.  Linear regression models showed that the relative abundance 
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NMS axis 2 scores were significantly related to riparian land use change over time.  The 
relationship indicated that species found in sites with minimal riparian forest loss over 
time were located towards the positive end of axis 2, and species found in sites with 
increased riparian forest loss over time were located toward the negative end (figure 3-7).  
Of particular interest was that the vast majority of fishes had higher relative abundances 
towards the positive, less disturbed end of the spectrum.  This may indicate that most fish 
species fair better in streams that have experienced less riparian deforestation over time.  
Species located toward the positive, less disturbed end of the spectrum were fishes that 
one might typically associate with healthy coastal plain systems, such as several benthic 
species (TPM: Noturus gyrinus, YBH: Ameiurus natalis, SWD: Etheostoma fusiforme), 
species typically associated with woody debris (PIP: Aphredoderus sayanus, EMM: 
Umbra pygmaea, MDS: Acantharchus pomotis), and at least one cyprinid species (ICS: 
Notropis chalybaeus).   
Conversely, sites with increased riparian deforestation over time were 
characterized by a unique and unexpected mixture of species.  Of greatest concern was 
that two cyprinid species (DKS: Notropis cummingsae, CSH: Notropis petersoni), and 
one darter species (TSD: Etheostoma olmstedi) were nested within several arguably 
cosmopolitan and at least one invasive species.  These results are contrary to expectation 
and findings of other studies, which indicate that relatively ‘sensitive’ species such as 
cyprinids and darters are more likely to be found within less disturbed terrestrial and 
stream environments (Maloney et al. 2006, Sutherland et al. 2002).  One potential 
explanation for this anomaly draws from the fact that a shared common life history 
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characteristic among these three species is a preference (or requirement) of current 
velocity (or flow) (Kehmeier et al. 2007, Fletcher 1993, Davis and Louder 1971, Van 
Snik Gray and Stauffer 1999).  Many areas of the Pee Dee Flatwoods are experiencing 
rapid development, and it is a relatively recent common practice for municipalities (and 
private companies) to drain wetlands and direct streams (and stormwater) into centralized 
canals in order to maximize the extent of utilizable/developable land.  Observational data 
(unreported) indicate that while these canals reside in relatively disturbed (deforested) 
terrestrial environments, they tend to maintain at least a minimal flow pattern because 
surface water is diverted and piped to these canals.  Because these species require flow, it 
is not unusual that they might be found in these types of stream systems.  However, of 
great concern is that these systems may also harbor and encourage increased numbers of 
widespread generalist fishes that may compete with these more sensitive taxa.  This fear 
is augmented by the fact that multiple widespread centrarchid species and at least one 
invasive species (GSF: Lepomis cyanellus), and possible a second (FBH: Ameiurus 
platycephalus) were also found clustered at the more disturbed (deforested) spectrum of 
the NMS axis.  In southeastern upland streams, homogenization of fish assemblages has 
been documented (Scott and Helfman 2001, Scott 2006, Walters et al. 2003). Biotic 
homogenization is the replacement of local biotas by non-indigenous and locally 
expanding species (McKinney and Lockwood 2001). While homogenization has never 
been documented in South Carolina’s coastal plain, and quantifying the process of 
homogenization in coastal plain streams was not an explicit goal of this project, these 
findings may indicate that further research is needed to investigate such phenomena.  Of 
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compounding concern is that these canal systems are regularly dredged and cleared for 
water conveyance purposes.  It is highly likely that more sensitive species (e.g. DKS: 
Notropis cummingsae, CSH: Notropis petersoni) that may have naturally smaller 
population source pools to draw from will suffer over time from these types of 
disturbances.  However, further research is needed to detect and quantify relationships 
among land disturbances, flow patterns, and biotic composition. 
Pee Dee Atlantic Southern Loam Plains 
 Richness was the only traditional metric found to be significantly predicted by 
independent variables.  Richness was significantly predicted by large woody debris, and 
by urban riparian 100m buffer land use change over time.  The relationships indicated 
that increased richness was related to both increased large woody debris and increased 
riparian urbanization over time.  This finding first, reiterates the important role that large 
woody debris plays for coastal plain fish assemblages.  Similar relationships between 
increased traditional metrics and large organics were also found in the other two 
ecobasins, where the function and importance of large woody debris was discussed.   
However, the relationship between richness and increased riparian urbanization 
was unexpected, and contrary to logical expectations.  Results from chapter 2 indicated 
that increased coarse and large organics were related to increased riparian urbanization 
over time, which was also both unexpected and contrary to logical expectations.  As 
discussed at length in chapter 2, an examination of the raw data indicated that Pee Dee 
Atlantic Southern Loam plains sites with riparian areas that were urbanizing over time 
were converting to urban primarily from forest land, and crop land to a lesser extent.  
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Wood decomposition is much faster in terrestrial than in aquatic environments (Harmon 
et al. 1986), and remnant large organics from forested (or agrarian) landscapes may 
account for the observed increased occurrence of larger organics (and subsequently 
increased species richness) in streams within newly urbanized landscapes.  It is logical to 
assume that the occurrence of coarser organics may decrease given further urbanization 
and longer periods of time.  However, due to low sample size in this ecobasin and 
relatively low percentages of watershed and riparian land conversion to urban over time 
(figures 2-3, 2-4), the chance of spurious results was increased.  Because of the high risk 
for spurious results, in addition to potential problems with spatial auto-correlation, it may 
be difficult to accurately decipher observed relationships within this ecobasin. 
Endemic Abundance (Restricted Range Relative Abundance) 
 Small range size in fishes is a factor reported to raise risk of imperilment 
(Angermeier 1995).  The vulnerability of restricted range (endemic) fishes may reflect 
low population sizes, fragmented source pools, as well as increased sensitivity to 
environmental disturbances as compared to more generalized or widespread fishes.  The 
relative abundances of restricted range species among all three ecobasins were not related 
to any of the organic substrate variables.  However, in all three ecobasins, interesting 
relationships emerged among endemic abundance and forest land use variables.  A 
unifying relationship displayed by all three ecobasins was that increased endemic 
abundance was related to minimal riparian forest loss over time.  While other forest land 
use variables were also significant, minimal riparian forest loss over time was the 
strongest predictor of restricted range relative abundance in each of the three ecobasins.  
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Even small shifts in environmental conditions, such as those induced by anthropogenic 
impacts, may alter habitat suitability or other environmental conditions enough to 
extinguish specialist range restricted populations (Angermeier 1995).  Individual results 
for each ecobasin are discussed separately.   
ACE Flatwoods 
 Endemic abundance was significantly predicted by both forest watershed land use 
change over time, and by forest riparian 100m buffer land use change over time.  Both 
significant forest land use predictor variables were positively related to endemic 
abundance, and forest riparian 100m buffer land use change over time was the strongest 
predictor.  Between the years 1992 and 2001, there was a net loss in both watershed and 
riparian buffer forest land use in the ACE Flatwoods (figures 2-7, 2-8).  Therefore, the 
positive relationship indicated by both significant linear regression results can be 
interpreted as a positive relationship between increased endemic abundance and minimal 
forest loss at both the watershed and riparian scale over time (rather than being related to 
a gain in forest).   
 These results indicate three important findings.  First, these results suggest that 
coastal plain endemic species may be sensitive to forest perturbations at both the 
watershed and riparian scale.  Streams within minimally disturbed (deforested) 
landscapes have qualities that are more suitable to coastal plain endemic species, and 
streams within increasingly disturbed (deforested) landscapes have qualities that are less 
suitable to endemics.  Although there were no significant relationships between endemic 
abundance and any of the organic substrate variables, results from chapter 2 indicated 
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that minimal watershed and forest loss were related to increased coarse and large 
organics.  Therefore, it can be assumed (with reservation) that increased endemic 
abundance is related to both increased coarse/large organics, and minimal forest loss.  In 
addition it can be also be assumed that additional/alternative in-stream environmental 
variables associated with forest disturbances such as alteration of flow, or decreases in 
water quality, may also have resulted in deleterious effects on endemic abundance.   
Second, while forest presence at both spatial scales were significant, results 
indicated that forest presence and function at the riparian scale may be of more 
significance than forest presence and function at the whole-watershed scale.  Because of 
the inherent low elevation/gradient of South Carolina’s coastal plain, streams that have a 
retained forest buffer tend to have access to natural floodplain areas and are more likely 
to have natural flow patterns (as opposed to channelized streams).  These conditions can 
be considered more indigenous, natural environments that provide a range of 
environments that foster different species needs throughout their life cycles.  Numerous 
studies have reported the benefits of maintaining a natural, forested riparian stream buffer 
(Jones et al. 1999, Wang et al. 2001, Stauffer et al. 2000), and results from this study 
clearly indicate that endemic species that are specialized to these coastal plain systems 
fair better in streams that have maintained the natural integrity of their riparian 
landscapes. 
Third, these results indicate that the actual process of forest perturbation 
(deforestation) over time (1992-2001) is a more effective indicator of restricted range 
species abundance than observed present day land use (2001).  While the results do not 
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explicitly indicate that the process of deforestation over the years 1992-2001 alone has 
attributed directly to loss of restricted range species, they do imply that the streams 
within landscapes that have been affected by the process of deforestation over time do 
contain less sensitive endemic taxa.  It is quite possible that land areas that were 
vulnerable to deforestation between 1992 and 2001 have additionally experienced 
longstanding historical land disturbances that have continued into present times. 
Pee Dee Flatwoods 
 Endemic abundance was significantly predicted by forest riparian 100m buffer 
land use change over time.  The relationship was positive, and because Pee Dee 
Flatwoods sample streams also showed a net loss in forest riparian land over time (1992-
2001) (figure 2-8), the positive relationship indicated that streams with minimal riparian 
forest loss were associated with increased endemic abundance.  Like the ACE Flatwoods, 
the primary implication of these findings was that the actual process of forest 
disturbances (deforestation) over time at the riparian scale has deleterious impacts on 
coastal plain endemic species.  Coastal plain endemics are typically 
ecological/geographical specialists that tend to maintain low population densities and 
have relatively specific habitat requirements (Purvis et al. 2000).  Therefore, 
anthropogenic land and stream impacts that reduce or eliminate specific habitats required 
by these species can significantly reduce their populations.  Riparian forest disturbances 
can have numerous effects on in-stream habitat, such as alteration of light and thermal 
regimes, alteration of hydrologic flows, chemical changes due to increased runoff, 
changes in trophic dynamics, and changes in channel geomorphology (Jones et al. 1999).  
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While there were no significant relationships between restricted range relative abundance 
and organic variables, these results may imply that increased riparian forest loss over 
time has impacts on alternative in-stream abiotic conditions not included in this study.  
Future studies should examine relationships among restricted range relative abundance 
and in-stream flow alterations, channel geomorphology, depth, and temperature regimes, 
etc.  
Pee Dee Atlantic Southern Loam Plains 
 Endemic abundance was significantly predicted by two forest land use variables, 
2001 forest riparian buffer land use, and forest riparian 100m buffer land use change over 
time.  Identical to findings in the other two ecobasins, minimal riparian forest loss over 
time was the strongest predictor of endemic abundance.  Current (2001) riparian forest 
land in the Pee Dee Atlantic Southern Loam Plains was the lowest among ecobasins 
(figure 2-6), and the loss in forest land over time (1992-2001) was among the highest 
(figure 2-8).  These findings strongly suggest that the lack of riparian forest, or the loss of 
riparian forest has deleterious effects on some component of in-stream abiotic 
environments that make these stream habitats less suitable to support sensitive restricted 
range endemic taxa.  As with the other ecobasins, further investigation of in-stream 
abiotic conditions is needed to elucidate specific relationships between endemic taxa, 
abiotic in-stream conditions, and riparian deforestation. 
Guild Breadth 
 Guild breadth across ecobasins was generally increased with minimal landscape 
disturbances.  The guild breadth metric was most useful in the ACE Flatwoods, where the 
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metric was significantly predicted by all organic substrate variables, and minimal 
watershed forest loss.  The guild breadth yielded no significant results in the Pee Dee 
Flatwoods, but was related to minimal watershed urbanization in the Pee Dee Atlantic 
Southern Loam Plains.   Possible differences exist because the ACE basin overall had 
less urban and forest land disturbances over time at both the watershed and riparian scale 
than either of the Pee Dee ecobasins (figures 2-3,2-4,2-7,2-8).  The ACE Flatwoods also 
arguably had the most diverse stream conditions, with a healthy distribution of what 
could be considered ‘pristine’ and ‘disturbed’ streams.  Conversely, streams in both Pee 
Dee ecobasins tended to be more uniformly degraded.  The results may imply that the 
guild breadth metric was more useful in elucidating differences among streams that show 
a wide variety of overall conditions, ranging from ‘pristine’ to ‘degraded’.  Results also 
indicated that the guild breadth metric was more strongly related to whole-watershed land 
use variables than riparian 100 m buffer land use variables.  This was somewhat 
surprising because relationships between previously discussed metrics and land use have 
overwhelmingly implicated that riparian land use has primary influence on fish metrics. 
ACE Flatwoods 
Guild Breadth was significantly predicted by all organic substrate variables and 
one forest land use variable.  Guild breadth was decreased in streams with increased fine 
organics, and guild breadth was increased in streams with increased coarse and large 
organics.  These results strengthen the hypothesis that large woody debris is an important 
component of coastal plain streams, most likely in its function of creating different 
microhabitats to support a variety of fishes with differing life history strategies.  Large 
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wood can create variability in channel morphology and hydrological patterns of relatively 
un-impacted low-gradient coastal plain streams.  It can create flow constrictions, 
encouraging the stream to increase particle-sorting and scour, thereby increasing 
heterogeneity of depth and flow.  Increased heterogeneity of in-stream depth, flow, and 
large wood substrate conditions can directly impact fish resource partitioning by 
increasing the availability of different types of habitat available to exploit.  The guild 
breadth metric was intended to quantify an assemblages’ breadth of diversity in life 
history strategies, and indirectly measure a population’s extent of resource partitioning.  
Resource partitioning reflects the difference in resource use (habitat, food, etc.) among 
fish species (Lepori et al. 2005, Wootton 1998).  The underlying assumption of the guild 
breadth metric is that a diverse community would incorporate a diverse variety of 
characteristics/strategies in which to utilize in-stream resources.  The structure and 
function of lotic communities are strongly influenced by changes in macro and micro 
habitat availability (Poff and Allan 1995, Grossman et al. 1998).  Structurally complex 
habitats offer more opportunities for resource-partitioning and usually have higher 
species diversity than more homogenous habitats (Gorman and Karr 1978, Wootton 
1998).   
 Organic substrate variables were found to be significant predictors of guild 
breadth only in the ACE Flatwoods ecobasin, and not in either of the other two ecobasins.  
The ACE Flatwoods had the least disturbances via deforestation and urbanization at both 
the watershed and riparian scale over time of all of the coastal plain ecobasins (figures 2-
3, 2-4, 2-7, 2-8).  Observational data indicated that a higher percentage of streams 
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displayed natural flow conditions and floodplain access in the ACE Flatwoods than in 
either of the Pee Dee ecobasins, which had a high percentage of streams that were 
ditches, contained stagnant water, or were piped into canals.  A study by Martin (2001) 
found that large woody debris and its associated functions can vary among geographic 
regions, and regional differences in anthropogenic influences.  For example, the function 
of large wood in streams that have natural flow patters and access to a floodplain should 
be very different than the function of wood in a stagnant channelized, incised ditch.  In 
streams with natural flow conditions (not stagnant or channelized), large wood can play a 
multi-functional role in the creation of flow constrictions, pools, and higher velocity areas 
as well as providing food resources and protective cover.  However, in depauperate 
stream conditions (channelized, stagnant) as observed in many of the Pee Dee ecobasin 
streams, the functions which large woody debris can provide may be minimalized.  Large 
wood may be relatively useless in diversifying flow conditions, however it can still 
provide a medium for food resources and cover, but its overall effect is diminished 
(Martin 2001).  This could be one possible reason as to why large wood was significantly 
related to guild breadth in the ACE Flatwoods and not the other two coastal plain 
ecobasins.  Because many of the streams in the ACE Flatwoods reside in minimally 
disturbed landscapes, the function of large wood may be more important than in streams 
that reside in more disturbed landscapes.   
 Guild breadth was also significantly positively related to forest watershed land 
use change over time.  Because there was an observed net loss if watershed forest land 
over time (figure 2-7), this relationship indicated that streams in watersheds that have 
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experienced minimal forest loss over time were related to fish communities with 
increased guild breadth.  This result was unique (compared to previous ACE Flatwoods 
results) in that it implicated that whole-watershed forest land use change over time was 
more important that riparian forest land use change over time.  There is inherent a lag 
time between terrestrial disturbance and changes in fish community, and these results do 
not explicitly imply that only disturbances between 1992 and 2001 have altered fish 
communities.  It is more paramount to assume that historical land use influence have 
altered fish communities over long periods of time.  This may partially explain why 
forest land use at the watershed scale was found to be the most significant predictor of 
guild breadth.  The guild breadth metric may reflect how populations have differentiated 
over time in response to chronic watershed-wide disturbance regimes (or the lack 
thereof).  The primary implication of the findings is that the pathway, or trajectory of 
disturbance over time via deforestation is related to decreased guild breadth, and that is of 
highest concern.  
Pee Dee Flatwoods 
 Guild breadth was not significantly predicted by any of the organic substrate 
variables or by any of the forest or urban land use variables.  These results were not 
surprising because the range of guild breadth calculations were relatively high, but not 
very diverse (range = 66.7%-100%).  The lack of results has two possible implications.  
First, the findings may be correct, and imply that the guild breadth metric was not refined 
enough to pick up on differences among streams.  A more useful technique may be to 
examine the breadth and abundance of individual taxon family units, or South Carolina 
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species of concern.  Second, as mentioned in chapter 2, the mean or average 2001 
(current) urban and forest land use among all three ecobasins was relatively similar 
(figures 2-1, 2-2, 2-5, 2-6).  However, the Pee Dee Flatwoods has experienced the most 
dramatic recent changes over time of both decreased forest (figures 2-7, 2-8) and 
increased urban land use (figures 2-3, 2-4), so it is possible that fish communities have 
yet to fully respond to changes in land use, and therefore the changes were not reflected 
by guild breadth measurements.   
Pee Dee Atlantic Southern Loam Plains 
 Guild breadth was significantly predicted by urban watershed land use change 
over time, and the relationships indicated that guild breadth was decreased in streams 
with urbanizing watersheds (over time).  This result is interesting when looked at in 
conjunction with the significant relationship found between species richness and urban 
land use among Pee Dee Atlantic Southern Loam Plains sites.  Species richness was 
positively related (increased) with increased urban riparian 100m buffer land use change 
over time.  While the guild breadth metric was related to urbanization at the watershed 
scale, and the richness metric was related to urbanization at the riparian scale, the results 
as a pair may suggest that while actual richness increases within developing urban 
landscapes, guild breadth decreases.  When examined in combination, these results may 
indicate that the Pee Dee Atlantic Southern Loam Plains sites display some form of 
biological reorganization, such as homogenization (Rahel 2000, Olden and Poff 2003).  A 
common mid-point of homogenization is an increase in richness due to non-native 
invasions and/or increased presence of native widespread generalist species (Scott and 
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Helfman 2001).  Observed relationships in the Pee Dee Atlantic Southern Loam Plains 
indicate that while richness has increased, the overall diversity of life history 
characteristics observed within assemblages has decreased.  This may imply that under 
increasingly degraded abiotic habitat conditions, there is an observed increase of 
generalist fishes with similar life history strategies.  Of ultimate concern is as abiotic in-
stream habitats become increasingly degraded and less complex, fish assemblages will 
become more uniform and less bio-diverse, ultimately leading to the loss of unique 
species (Miller 1989, Jones 1999, Scott and Helfman 2001). 
Conclusions 
Results of this study indicated that as the natural forested coastal plain landscape 
is lost and replaced by human dominated urban landscapes, we see declines in coarser 
organics, and cumulatively these terrestrial and habitat disturbances result in the 
decreased integrity of coastal plain fish assemblages.  While traditional metrics, such as 
richness and Shannon diversity were helpful in explaining relationships with in-stream 
organic substrate variables, non-traditional metrics of  endemic abundance and guild 
breadth appeared to be more useful in elucidating relationships with land use variables.  
This may indicate that there are additional in-stream environmental variables that are as 
important or more important (than organic debris) in deciphering links between coastal 
plain fish community structure, in-stream environments, and land use.  The ultimate goal 
of this project would be to make sound predictions about how fish communities respond 
to differing environmental stressors.  However, fish assemblages are most often 
influenced by a diverse suite of interacting environmental variables on differing spatial 
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and temporal scales.  This study emphasizes the importance of organic debris, 
particularly large woody debris, to South Carolina coastal plain fish assemblages, 
however further research is sorely needed to elucidate specific relationships between land 
use and abiotic in-stream environmental variables, and their effects on fish assemblages.  
For example, there is strong anecdotal evidence that coastal plain assemblages are related 
to hydrological variability, and future studies should examine fish assemblages as related 
to coastal plain hydrological dynamics. 
Fish assemblages may also reflect site-specific conditions such as distance from 
impoundments, location from receiving river, and continuous hydrological connectivity 
throughout the stream system, all of which may influence thresholds of persistence and 
recovery from land use disturbance regimes.  In addition, because our sample years, 2006 
and 2007 were drought years in the southeastern coastal plain, observed community 
structure may reflect the extent to which the streams were affected by the drought.  In this 
type of potentially variable environment, it may be useful to increase sample sizes among 
ecobasins, aggregate ecobasins into a single sampling unit, or to incorporate long term 
year-to-year studies in order to better predict the variation in assemblage structure in 
response to land use and abiotic in-stream environmental conditions. 
Results of this study also indicate that at minimal, the maintenance of natural 
forested riparian buffers is of great importance to the integrity of coastal plain species, 
particularly endemics, which are a group particularly susceptible to imperilment.  Future 
management strategies should focus on the maintenance of stream and assemblage health 
at the riparian landscape level, and a specific goal of future research should be to identify 
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thresholds of community response to differing environmental stressors, such as loss of 
riparian forest. 
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                   Table 3-1. ACE Flatwoods linear regression models result table for Box-Cox  
                                      transformed dependent variable richness. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
Upper 
CL 
Richness ELEVATION 0.57 0.02 -0.01 -0.13 0.61 0.44 -0.04 0.02 
 
FINE 
ORGANIC 
DEBRIS 0.57 0.48 -2.43 -0.22 1.66 0.21 -6.28 1.41 
 
COARSE 
ORGANIC 
DEBRIS 0.57 0.06 1.64 0.25 2.20 0.15 -0.61 3.89 
 LWD 0.57 0.15 3.64 0.39 5.91 0.02 0.60 6.68 
 
URBAN 
Watershed 
2001 EL .57 0.00 1.34 0.06 0.13 0.73 -6.34 9.01 
 
FOREST 
Watershed 
2001 EL .57 0.01 0.92 0.09 0.30 0.59 -2.48 4.32 
 
URBAN Buffer 
2001 EL .57 0.00 -0.26 -0.01 0.00 0.96 -11.1 10.59 
 
FOREST 
Buffer 2001 EL .57 0.01 1.20 0.12 0.48 0.49 -2.31 4.90 
 
URBAN 
Watershed 
Difference 0.57 0.01 3.56 0.58 0.34 0.56 -8.83 15.94 
 
FOREST 
Watershed 
Difference 0.57 0.02 1.39 0.13 0.57 0.46 -2.34 5.12 
 
URBAN Buffer 
Difference 0.57 0.00 0.18 0.01 0.00 0.98 -12.28 12.65 
 
FOREST 
Buffer 
Difference 0.57 0.03 1.29 0.17 1.01 0.32 -1.33 3.91 
       
 
                  
                    Table 3-2. ACE Flatwoods linear regression models result table for Box-Cox  
                                      transformed dependent variable Shannon Diversity. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
Upper 
CL 
Shannon 
Diversity ELEVATION 1.2 0.00 -0.00 -0.03 0.03 0.88 -0.02 0.02 
 
FINE 
ORGANIC 
DEBRIS 1.2 0.09 -2.59 -0.30 3.15 0.09 -5.55 0.38 
 
COARSE 
ORGANIC 
DEBRIS 1.2 0.07 1.27 0.27 2.66 0.11 -0.31 2.85 
 LWD 1.2 0.11 2.24 0.34 4.29 0.046 0.04 4.44 
 
URBAN 
Watershed 
2001 EL 1.2 0.00 0.38 0.02 0.02 0.89 -3.11 5.87 
 
FOREST 
Watershed 
2001 EL 1.2 0.00 0.26 0.04 0.05 0.83 -2.18 2.70 
 
URBAN Buffer 
2001 EL 1.2 0.00 0.21 0.01 0.00 0.97 -9.62 10.05 
 
FOREST 
Buffer 2001 EL 1.2 0.00 0.00 0.00 0.00 1.00 -2.52 2.52 
 
URBAN 
Watershed 
Difference 1.2 0.01 2.94 0.12 0.47 0.50 -5.81 11.69 
 
FOREST 
Watershed 
Difference 1.2 0.01 0.85 0.11 0.43 0.52 -1.79 3.50 
 
URBAN Buffer 
Difference 1.2 0.0 3.34 0.12 0.49 0.49 -6.40 13.08 
 
FOREST 
Buffer 
Difference 1.2 0.07 1.60 0.27 2.56 0.12 -0.43 3.63 
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Table 3-3. ACE Flatwoods linear regression models result table for dependent   
                                      variable relative abundance. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  F-Statistic 
P-
Value 
Lower 
CL 
Upper 
CL 
Relative 
Abundance ELEVATION NONE 0.01 -0.01 -0.08 0.24 0.623 -0.03 0.02 
 
FINE 
ORGANIC 
DEBRIS NONE 0.11 2.69 0.34 4.07 0.052 -0.03 5.40 
 
COARSE 
ORGANIC 
DEBRIS NONE 0.02 -0.64 -0.15 0.74 0.40 -2.14 0.87 
 LWD NONE 0.00 -0.34 -0.05 0.10 0.75 -2.49 1.82 
 
URBAN 
Watershed 
2001 EL 0.02 2.15 0.15 0.77 0.39 -2.85 7.16 
 
FOREST 
Watershed 
2001 EL 0.00 -0.41 -0.06 0.14 0.72 -2.65 1.84 
 
URBAN Buffer 
2001 EL 0.09 6.06 0.30 3.28 0.08 -0.75 12.87 
 
FOREST 
Buffer 2001 EL 0.01 0.51 0.08 0.20 0.66 -1.81 2.82 
 
URBAN 
Watershed 
Difference NONE 0.04 4.86 0.21 1.53 0.22 -3.11 12.83 
 
FOREST 
Watershed 
Difference NONE 0.00 0.05 0.01 0.00 0.97 -2.41 2.51 
 
URBAN Buffer 
Difference NONE 0.05 5.03 0.22 1.64 0.21 -2.95 12.99 
 
FOREST 
Buffer 
Difference NONE 0.01 0.21 0.04 0.06 0.80 -1.52 1.95 
       
 
                    Table 3-4. Pee Dee Flatwoods linear regression models result table for Box-Cox 
                                      transformed dependent variable richness. 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CI 
 
Upper 
CI 
Richness 
WATERSHED 
AREA 0.4 0.50 0.01 0.71 20.93 0.00 0.01 0.02 
 
FINE 
ORGANIC 
DEBRIS WS .4 0.06 -0.54 -0.23 1.16 0.29 -1.59 0.51 
 
COARSE 
ORGANIC 
DEBRIS WS .4 0.16 0.92 0.40 4.03 0.06 -0.03 1.88 
 LWD WS .4 0.20 2.16 0.45 5.19 0.03 0.19 4.14 
 
URBAN 
Watershed 
2001 WS .4 0.02 1.41 0.15 0.47 0.50 -2.89 5.72 
 
FOREST 
Watershed 
2001 WS .4 0.01 0.21 0.09 0.17 0.68 -0.84 1.26 
 
URBAN 
Buffer 2001 WS .4 0.02 1.24 0.12 0.31 0.59 -3.41 5.89 
 
FOREST 
Buffer 2001 WS .4 0.01 0.17 0.09 0.19 0.67 -0.66 1.00 
 
URBAN 
Watershed 
Difference WS .4 0.04 1.57 0.19 0.74 0.40 -2.24 5.38 
 
FOREST 
Watershed 
Difference WS .4 0.00 -0.19 -0.07 0.09 0.77 -1.57 1.17 
 
URBAN 
Buffer 
Difference WS .4 0.86 -2.69 -0.29 1.79 0.20 -6.89 1.51 
 
FOREST 
Buffer 
Difference WS .4 0.01 0.17 0.10 0.20 0.66 -0.61 0.95 
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Table 3-5. Pee Dee Flatwoods linear regression models result table for Box-Cox  
                                      transformed dependent variable Shannon diversity. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
 
Upper 
CL 
 Shannon 
Diversity 
FINE 
ORGANIC 
DEBRIS 0.91 0.00 0.08 0.03 0.02 0.89 -1.17 1.34 
 
COARSE 
ORGANIC 
DEBRIS 0.91 0.39 2.12 0.63 13.52 0.00 0.92 3.31 
 LWD 0.91 0.35 4.20 0.59 11.19 0.00 1.59 6.82 
 
URBAN 
Watershed 
2001 0.91 0.00 0.41 0.03 0.02 0.89 -5.98 6.80 
 
FOREST 
Watershed 
2001 0.91 0.00 0.01 0.00 0.00 1.00 -1.54 1.55 
 
URBAN Buffer 
2001 0.91 0.00 0.94 0.06 0.08 0.78 -5.92 7.80 
 
FOREST 
Buffer 2001 0.91 0.00 -0.07 -0.03 0.02 0.91 -1.29 1.15 
 
URBAN 
Watershed 
Difference 0.91 0.02 -1.80 -0.15 0.45 0.51 -7.44 3.83 
 
FOREST 
Watershed 
Difference 0.91 0.00 -0.15 -0.03 0.03 0.88 -2.17 1.86 
 
URBAN Buffer 
Difference 0.91 0.14 -5.11 -0.38 3.21 0.09 -11.08 0.87 
 
FOREST 
Buffer 
Difference 0.91 0.03 0.46 0.18 0.70 0.41 -0.68 1.59 
            
 
 
                    Table 3-6. Pee Dee Flatwoods linear regression models result table for dependent 
                                      variable relative abundance. 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic P-Value 
Lower 
CL 
 
Upper 
CL 
Relative 
Abundance 
FINE 
ORGANIC 
DEBRIS NONE 0.01 0.36 0.08 0.14 0.72 -1.64 2.35 
 
COARSE 
ORGANIC 
DEBRIS NONE 0.02 0.79 0.15 0.46 0.51 -1.63 3.2 
 LWD NONE 0 0.34 0.03 0.02 0.89 -4.8 5.45 
 
URBAN 
Watershed 
2001 NONE 0 0.88 0.04 0.03 0.86 -9.26 11.02 
 
FOREST 
Watershed 
2001 NONE 0 -0.36 -0.06 0.07 0.8 -3.23 2.51 
 
URBAN Buffer 
2001 NONE 0.03 4.08 0.17 0.62 0.44 -6.68 14.83 
 
FOREST 
Buffer 2001 NONE 0.02 0.89 0.14 0.36 0.56 -2.21 3.99 
 
URBAN 
Watershed 
Difference NONE 0 -1.15 -0.06 0.07 0.79 -10.18 7.88 
 
FOREST 
Watershed 
Difference NONE 0.05 1.99 0.23 1.08 0.31 -2.01 6 
 
URBAN Buffer 
Difference NONE 0.12 -7.35 -0.33 2.56 0.13 -16.97 2.27 
 
FOREST 
Buffer 
Difference NONE 0.49 3.27 0.7 19.57 0 1.73 4.81 
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Table 3-7. Pee Dee Atlantic Southern Loam Plains linear regression models result   
                   table for Box-Cox transformed dependent variable richness. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CL 
Upper 
CL 
Richness 
WATERSHED 
AREA .73 0.26 0.04 0.51 5.99 0.03 0.01 0.07 
 
FINE 
ORGANIC 
DEBRIS WS,.73 0.08 -2.23 -0.28 1.50 0.24 -6.09 1.62 
 
COARSE 
ORGANIC 
DEBRIS WS,.73 0.12 6.12 0.35 2.40 0.14 -2.21 14.46 
 LWD WS,.73 0.32 37.85 0.56 7.43 0.02 8.42 67.27 
 
URBAN 
Watershed 
2001 WS,.73 0.09 -6.20 -0.29 1.49 0.24 -16.95 4.56 
 
FOREST 
Watershed 
2001 WS,.73 0.04 4.27 0.20 0.73 0.41 -6.30 14.84 
 
URBAN Buffer 
2001 WS,.73 0.12 -15.18 -0.34 2.12 0.17 -37.30 6.94 
 
FOREST 
Buffer 2001 WS,.73 0.07 4.60 0.26 1.25 0.28 -4.10 13.31 
 
URBAN 
Watershed 
Difference WS,.73 0.24 -62.21 -0.49 4.37 0.06 
-
126.04 1.61 
 
FOREST 
Watershed 
Difference WS,.73 0.00 -0.40 -0.02 0.01 0.94 -11.42 10.62 
 
URBAN Buffer 
Difference WS,.73 0.34 36.35 0.58 7.78 0.01 8.57 64.13 
 
FOREST 
Buffer 
Difference WS,.73 0.00 0.72 0.04 0.03 0.86 -7.91 9.35 
 
 
                    Table 3-8. Pee Dee Atlantic Southern Loam Plains linear regression models result   
                                       table for Box-Cox transformed dependent variable Shannon diversity. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CL 
Upper 
CL 
Shannon 
Diversity ELEVATION 1.93 0.03 0.00 -0.16 0.48 0.50 -0.01 0.01 
 
WATERSHED 
AREA 1.93 0.12 0.00 0.35 2.34 0.14 0.00 0.01 
 
FINE 
ORGANIC 
DEBRIS 1.93 0.05 0.30 0.22 0.88 0.36 -0.38 0.99 
 
COARSE 
ORGANIC 
DEBRIS WS,1.93 0.02 0.28 0.13 0.31 0.59 -0.77 1.32 
 LWD WS,1.93 0.09 1.94 0.30 1.64 0.22 -1.26 5.15 
 
URBAN 
Watershed 
2001 1.93 0.05 0.48 0.21 0.82 0.38 -0.65 1.61 
 
FOREST 
Watershed 
2001 1.93 0.02 0.35 0.13 0.32 0.58 -0.95 1.64 
 
URBAN Buffer 
2001 1.93 0.02 1.78 0.14 0.34 0.57 -4.68 8.23 
 
FOREST 
Buffer 2001 1.93 0.08 0.70 0.27 1.38 0.26 -0.56 1.96 
 
URBAN 
Watershed 
Difference 1.93 0.01 -0.79 -0.10 0.19 0.67 -4.61 3.04 
 
FOREST 
Watershed 
Difference 1.93 0.06 0.68 0.25 1.21 0.29 -0.62 1.97 
 
URBAN Buffer 
Difference EL,1.93 0.05 1.47 0.22 0.87 0.36 -1.83 4.77 
 
FOREST 
Buffer 
Difference 1.93 0.09 0.64 0.30 1.84 0.19 -0.35 1.62 
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                   Table 3-9. Pee Dee Atlantic Southern Loam Plains linear regression models result 
                                      table for dependent variable relative abundance. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CL 
Upper 
CL 
Relative 
Abundance 
FINE 
ORGANIC none 0.01 -0.51 -0.11 0.21 0.65 -2.87 1.85 
 
COARSE 
ORGANIC none 0.01 0.49 0.09 0.13 0.72 -2.38 3.37 
 LWD none 0.03 -3.32 -0.18 0.60 0.45 -12.37 5.73 
 
URBAN 
Watershed 
2001 none 0.01 -0.46 -0.09 0.15 0.70 -2.91 1.99 
 
FOREST 
Watershed 
2001 none 0.01 -0.51 -0.08 0.10 0.75 -3.82 2.80 
 
URBAN Buffer 
2001 none 0.14 -11.97 -0.38 2.46 0.14 -28.24 4.30 
 
FOREST 
Buffer 2001 none 0.00 -0.27 -0.05 0.04 0.84 -3.04 2.49 
 
URBAN 
Watershed 
Difference none 0.01 1.58 0.08 0.12 0.74 -8.14 11.30 
 
FOREST 
Watershed 
Difference none 0.06 -1.67 -0.25 1.15 0.30 -4.96 1.61 
 
URBAN Buffer 
Difference none 0.00 0.97 0.06 0.06 0.82 -7.71 9.65 
 
FOREST 
Buffer 
Difference none 0.11 -1.76 -0.33 2.18 0.16 -4.27 0.75 
         
 
 
                    Table 3-10. ACE Flatwoods linear regression models result table for Box-Cox 
                                        transformed dependent variable restricted range relative abundance. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
Upper 
CL 
Restricted 
Range ELEVATION EL .05 0.12 0.01 0.35 4.75 0.04 0.00 0.02 
Relative 
Abundance 
FINE 
ORGANIC 
DEBRIS EL .05 0.03 -0.64 -0.17 0.96 0.34 -1.98 0.69 
 
COARSE 
ORGANIC 
DEBRIS EL .05 0.00 -0.08 -0.03 0.04 0.84 -0.88 0.72 
 LWD EL .05 0.02 0.48 0.15 0.74 0.39 -0.65 1.60 
 
URBAN 
Watershed 
2001 EL .05 0.11 3.23 0.33 3.87 0.06 -0.12 6.58 
 
FOREST 
Watershed 
2001 EL .05 0.02 0.47 0.14 0.66 0.42 -0.70 1.64 
 
URBAN Buffer 
2001 EL .05 0.02 1.46 0.14 0.63 0.43 -2.27 5.18 
 
FOREST 
Buffer 2001 EL .05 0.01 0.27 0.08 0.20 0.66 -0.95 1.49 
 
URBAN 
Watershed 
Difference EL .05 0.01 0.91 0.07 0.19 0.67 -3.36 5.17 
 
FOREST 
Watershed 
Difference EL .05 0.28 1.96 0.53 13.14 0.001 0.86 3.06 
 
URBAN Buffer 
Difference EL .05 0.03 1.94 0.16 0.87 0.36 -2.29 6.17 
 
FOREST 
Buffer 
Difference EL .05 0.30 1.62 0.54 13.81 0.001 0.73 2.51 
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                    Table 3-11. Pee Dee Flatwoods linear regression models result table for Box-Cox  
                                        transformed dependent variable restricted range relative abundance. 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
 
Upper 
CL 
Restricted 
Range 
FINE 
ORGANIC 
DEBRIS 0.06 0.00 0.02 0.01 0.00 0.97 -0.95 0.98 
Relative 
Abundance 
COARSE 
ORGANIC 
DEBRIS 0.06 0.03 0.39 0.16 0.57 0.46 -0.69 1.47 
 LWD 0.06 0.04 1.03 0.20 0.90 0.36 -1.23 3.29 
 
URBAN 
Watershed 
2001 0.06 0.01 -0.71 -0.07 0.10 0.75 -5.26 3.85 
 
FOREST 
Watershed 
2001 0.06 0.04 0.57 0.21 0.89 0.36 -0.69 1.84 
 
URBAN Buffer 
2001 0.06 0.01 -0.85 -0.08 0.13 0.72 -5.74 4.05 
 
FOREST 
Buffer 2001 0.06 0.03 0.45 0.18 0.69 0.42 -0.67 1.57 
 
URBAN 
Watershed 
Difference 0.06 0.00 0.47 0.05 0.06 0.81 -3.60 4.53 
 
FOREST 
Watershed 
Difference 0.06 0.00 -0.15 -0.05 0.05 0.83 -1.59 1.29 
 
URBAN Buffer 
Difference 0.06 0.04 -1.44 -0.20 0.84 0.37 -4.73 1.85 
 
FOREST 
Buffer 
Difference 0.06 0.20 0.88 0.45 4.98 0.04 0.06 1.70 
       
 
                   Table 3-12. Pee Dee Atlantic Southern Loam Plains linear regression models result  
                                        table for Box-Cox transformed dependent variable restricted range 
                                        relative abundance. 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CL 
Upper 
CL 
Restricted 
Range ELEVATION .14 0.05 0.00 -0.22 0.80 0.38 0.00 0.00 
Relative 
Abundance 
WATERSHED 
AREA .14 0.16 0.00 -0.40 2.90 0.11 0.00 0.00 
 
FINE 
ORGANIC 
DEBRIS .14 0.00 0.00 0.00 0.00 0.99 -0.49 0.49 
 
CORSE 
ORGANIC 
DEBRIS WS, .14 0.00 -0.09 -0.06 0.05 0.82 -0.90 0.72 
 LWD WS, .14 0.05 1.06 0.21 0.81 0.38 -1.42 3.54 
 
URBAN 
Watershed 
2001 .14 0.00 -0.05 -0.03 0.02 0.89 -0.73 0.63 
 
FOREST 
Watershed 
2001 .14 0.13 0.68 0.36 2.57 0.13 -0.22 1.58 
 
URBAN Buffer 
2001 .14 0.00 0.05 0.01 0.00 0.98 -4.66 4.75 
 
FOREST 
Buffer 2001 .14 0.23 0.75 0.48 5.04 0.04 0.05 1.44 
 
URBAN 
Watershed 
Difference .14 0.02 -0.76 -0.14 0.36 0.56 -3.43 1.91 
 
FOREST 
Watershed 
Difference .14 0.06 0.49 0.25 1.10 0.31 -0.50 1.48 
 
URBAN Buffer 
Difference EL,.14 0.12 0.57 0.12 0.26 0.62 -1.81 2.95 
 
FOREST 
Buffer 
Difference .14 0.27 0.82 0.52 6.29 0.02 0.13 1.51 
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       Table 3-13. ACE Flatwoods linear regression models result table for Box-Cox  
                                         transformed dependent variable guild breadth. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
Upper 
CL 
Guild Breadth ELEVATION 2.11 0.00 -0.00 0.06 0.14 0.72 -0.00 0.01 
 
FINE 
ORGANIC 
DEBRIS 2.11 0.19 -0.99 -0.43 7.55 0.01 -1.73 -0.26 
 
COARSE 
ORGANIC 
DEBRIS 2.11 0.12 0.48 0.35 4.63 0.04 0.03 0.93 
 LWD 2.11 0.24 0.97 0.50 11.02 0.00 0.38 1.56 
 
URBAN 
Watershed 
2001 EL 2.11 0.00 -0.25 -0.06 0.10 0.75 -1.85 1.35 
 
FOREST 
Watershed 
2001 EL 2.11 0.05 0.45 0.22 1.71 0.20 -0.25 1.14 
 
URBAN Buffer 
2001 EL 2.11 0.02 1.05 0.13 0.56 0.46 -1.80 3.89 
 
FOREST 
Buffer 2001 EL 2.11 0.01 0.15 0.07 0.18 0.68 -0.58 0.89 
 
URBAN 
Watershed 
Difference 2.11 0.00 -0.44 -0.06 0.12 0.73 -3.01 2.13 
 
FOREST 
Watershed 
Difference 2.11 0.18 0.94 0.42 7.30 0.01 0.23 1.64 
 
URBAN Buffer 
Difference 2.11 0.00 0.49 0.07 0.15 0.70 -2.09 3.06 
 
FOREST 
Buffer 
Difference 2.11 0.02 0.24 0.16 0.83 0.37 -0.30 0.79 
 
 
                    
Table 3-14. Pee Dee Flatwoods linear regression models result table for Box-Cox 
                                        transformed dependent variable guild breadth. 
 
Dependent 
Variable 
Independent 
Variable Transformation R2 
Unstandardized 
Beta 
Standardized 
Beta  
F-
Statistic 
P-
Value 
Lower 
CL 
 
Upper 
CL 
Guild 
Breadth 
WATERSHED 
AREA 1.93 0.31 0.01 0.56 9.48 0.01 0 0.01 
 
FINE ORGANIC 
DEBRIS WS,1.93 0.05 -0.28 -0.22 1.05 0.32 -0.85 0.29 
 
COARSE 
ORGANIC 
DEBRIS WS,1.93 0 -0.02 -0.02 0.01 0.94 -0.59 0.55 
 LWD WS,1.93 0.04 0.51 0.19 0.8 0.38 -0.67 1.68 
 
URBAN 
Watershed 2001 WS,1.93 0 0.27 0.05 0.05 0.82 -2.1 2.63 
 
FOREST 
Watershed 2001 WS,1.93 0.06 0.3 0.24 1.28 0.27 -0.25 0.86 
 
URBAN Buffer 
2001 WS,1.93 0 0.27 0.05 0.05 0.83 -2.28 2.81 
 
FOREST Buffer 
2001 WS,1.93 0.07 0.26 0.26 1.53 0.23 -0.18 0.7 
 
URBAN 
Watershed 
Difference WS,1.93 0.01 0.43 0.1 0.18 0.67 -1.67 2.53 
 
FOREST 
Watershed 
Difference WS,1.93 0.09 -0.62 -0.3 1.99 0.17 -1.53 0.3 
 
URBAN Buffer 
Difference WS,1.93 0.01 -0.59 -0.12 0.27 0.61 -2.96 1.79 
 
FOREST Buffer 
Difference WS,1.93 0 0.03 0.03 0.02 0.88 -0.4 0.46 
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Table 3-15. Pee Dee Atlantic Southern Loam Plains linear regression models result  
                     table for Box-Cox transformed dependent variable guild breadth. 
 
Dependent 
Variable 
Independent 
Variable Transformation R² 
Unstandardized 
Beta 
Standardized 
Beta 
F-
statistic 
P-
value 
Lower 
CL 
Upper 
CL 
Guild Breadth ELEVATION .63 0.06 0.00 -0.24 1.06 0.32 0.00 0.00 
 
WATERSHED 
AREA .63 0.32 0.00 0.56 7.92 0.01 0.00 0.00 
 
FINE 
ORGANIC 
DEBRIS WS,.63 0.03 0.07 0.18 0.55 0.47 -0.13 0.27 
 
CORSE 
ORGANIC 
DEBRIS WS,.63 0.08 0.18 0.29 1.52 0.24 -0.13 0.48 
 LWD WS,.63 0.01 0.17 0.09 0.13 0.73 -0.83 1.16 
 
URBAN 
Watershed 
2001 WS,.63 0.08 -0.16 -0.29 1.57 0.23 -0.43 0.11 
 
FOREST 
Watershed 
2001 WS,.63 0.01 0.06 0.08 0.10 0.76 -0.32 0.43 
 
URBAN Buffer 
2001 WS,.63 0.08 -0.44 -0.28 1.40 0.25 -1.24 0.35 
 
FOREST 
Buffer 2001 WS,.63 0.04 0.13 0.21 0.75 0.40 -0.18 0.44 
 
URBAN 
Watershed 
Difference WS,.63 0.32 -2.08 -0.56 6.98 0.02 -3.77 -0.40 
 
FOREST 
Watershed 
Difference WS,.63 0.03 -0.14 -0.18 0.59 0.45 -0.52 0.24 
 
URBAN Buffer 
Difference WS, EL, .63 0.05 -0.81 -0.22 0.63 0.44 -3.01 1.40 
 
FOREST 
Buffer 
Difference WS,.63 0.00 -0.04 0.00 0.07 0.79 -0.34 0.27 
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Figure 3-1. ACE Flatwoods linear regression model showing Box-Cox 
                                transformed (λ=0.57) richness as predicted by % LWD. 
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Figure 3-2. ACE Flatwoods linear regression model showing Box-Cox 
                    transformed (λ=1.2) Shannon diversity as predicted by % LWD. 
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Figure 3-3. ACE Flatwoods relative abundance NMS ordination. Axis 2 represented  
                    the axis with the highest explanatory power (R²=0.42), and was used as  
                    the dependent variable in linear regression models.   
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            Figure 3-4. Pee Dee Flatwoods linear regression model showing Box-Cox 
                                transformed (λ=0.4) richness as predicted by % LWD. 
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            Figure 3-5. Pee Dee Flatwoods linear regression model showing Box-Cox 
                                transformed (λ=0.91) Shannon diversity as predicted by  
                                % coarse organic debris. 
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Figure 3-6. Pee Dee Flatwoods linear regression model showing Box-Cox  
                               transformed (λ=0.91) Shannon diversity as predicted by % LWD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 138
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(R
²=
0.
65
)
Minimal riparian 
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Figure 3-7. Pee Dee Flatwoods relative abundance NMS ordination. Axis 2    
                   represented the axis with the highest explanatory power (R²=0.65), and  
                  was used as the dependent variable in linear regression models.  Species  
                   located toward the positive end of axis 2 were related to sites with  
                   minimal riparian 100m buffer forest perturbations over time (1992- 
                   2001), and species located toward the negative end of axis 2 were related 
                   to sites with increased riparian 100m buffer forest perturbations  
                   over time. 
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Figure 3-8. Pee Dee Flatwoods linear regression model showing relative 
                            abundance NMS axis 2 scores as predicted by forest riparian 100m 
                            buffer land use change over time. 
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Figure 3-9. Pee Dee Atlantic Southern Loam Plains linear regression model 
                    showing Box-Cox transformed (λ=0.73) richness as  
                    predicted by % LWD. 
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Figure 3-10. Pee Dee Atlantic Southern Loam Plains linear regression model 
                      showing Box-Cox transformed (λ=0.73) richness as predicted by 
                      urban riparian 100m buffer land use change over time. 
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Figure 3-11. Pee Dee Atlantic Southern Loam Plains relative abundance  
                     NMS ordination. Axis 1 represented the axis with the highest  
                     explanatory power (R²=0.60), and was used as the dependent  
                     variable in linear regression models. 
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Figure 3-12. ACE Flatwoods linear regression model showing Box-Cox 
                     transformed (λ=0.05) restricted range relative abundance as  
                     predicted by forest watershed land use change over time. 
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Figure 3-13. ACE Flatwoods linear regression model showing Box-Cox 
                      transformed (λ=0.05) restricted range relative abundance as 
                      predicted by forest riparian 100m land use change over time. 
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Figure 3-14. Pee Dee Flatwoods linear regression model showing Box-Cox 
                      transformed (λ=0.06) restricted range relative abundance as  
                      predicted by forest riparian 100m buffer land use  
                      change over time. 
 
0.10 0.20 0.30 0.40
2001 Forest Riparian 100m Buffer Land Use (%)
0.00
0.20
0.40
0.60
R
es
tr
ic
te
d 
R
an
ge
 R
el
at
iv
e 
A
bu
nd
an
ce
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
Y = 0.57 + 0.40 * X
R-Square = 0.23
 
 
Figure 3-15. Pee Dee Atlantic Southern Loam Plains linear regression model  
                     showing Box-Cox transformed (λ=0.14) restricted range relative 
                     abundance as predicted by 2001 forest riparian 100m  
                     buffer land use. 
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Figure 3-16. Pee Dee Atlantic Southern Loam Plains linear regression model 
                      showing Box-Cox transformed (λ=0.14) restricted range relative 
                      abundance as predicted by forest riparian 100m buffer land use  
                      change over time. 
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Figure 3-17. ACE Flatwoods linear regression model showing Box-Cox 
                     transformed (λ=2.11) guild breadth as predicted by  
                     % fine organic debris. 
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Figure 3-18. ACE Flatwoods linear regression model showing Box-Cox 
                      transformed (λ=2.11) guild breadth as predicted by  
                      % coarse organic debris. 
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Figure 3-19. ACE Flatwoods linear regression model showing Box-Cox  
                     transformed (λ=2.11) guild breadth as predicted by % LWD. 
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Figure 3-20. ACE Flatwoods linear regression model showing Box-Cox 
                      transformed (λ=2.11) guild breadth as predicted by forest  
                      watershed land use change over time. 
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Figure 3-21. Pee Dee Atlantic Southern Loam Plains linear regression model 
                      showing Box-Cox transformed (λ=0.63) guild breadth as  
                      predicted by urban watershed land use change over time. 
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APPENDIX A 
Organic substrate categories and descriptions 
 
Organic Substrate Categories Description 
FPOM: Fine Particulate Organic Matter < 1mm diameter 
CPOM: Coarse Particulate Organic Matter > 1mm diameter 
FWD: Fine Woody Debris 3-10 cm diameter, > 50 cm length  
LWD: Large Woody Debris >10 cm diameter, > 50 cm length 
AV: Aquatic Vegetation perennial aquatic vegetation and filamentous algae 
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APPENDIX B 
South Carolina Coastal Plain Range Restricted Species 
 
SOUTH CAROLINA COASTAL PLAIN RESTRICTED RANGE SPECIES 
Common Name Scientific Name Code  
Banded sunfish Enneacanthus obesus BDS  
Blackbanded darter Enneacanthus chaetodon BBD  
Dusky shiner Notropis cummingsae DKS  
Eastern mudminnow Umbra pygmaea EMM  
Lined topminnow Fundulus lineolatus LTM  
Mud sunfish Acantharchus pomotis MDS  
Sailfin shiner Pteronotropis hypselopterus SFS  
Savannah darter Etheostoma fricksium SVD  
Sawcheek darter Etheostoma serriferum SCD  
Swampfish Chologaster cornuta SWF  
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APPENDIX C 
South Carolina coastal plain species and species codes 
Common Name Scientific Name Code 
American eel Anguilla rostrata AEL 
Banded pygmy sunfish Elassoma zonatum BPS 
Banded sunfish Enneacanthus obesus BDS 
Black bullhead Ameiurus melas BLB 
Black crappie Pomoxis nigromaculatus BLC 
Blackbanded darter Percina nigrofasciata BBD 
Blackbanded sunfish Enneacanthus chaetodon BBS 
Bluegill Lepomis macrochirus BLG 
Bluespotted sunfish Enneacanthus gloriosus BLS 
Bowfin Amia calva BFN 
Brook silverside Labidesthes sicculus BSS 
Chain pickerel Esox niger CHP 
Coastal shiner Notropis petersoni CSH 
Creek chubsucker Erimyzon oblongus CCS 
Dollar sunfish Lepomis marginatus DSF 
Dusky shiner Notropis cummingsae DKS 
Eastern mudminnow Umbra pygmaea EMM 
Flat bullhead Ameiurus platycephalus FBH 
Flier Centrarchus macropterus FLR 
Golden shiner Notemigonus crysoleucas GLS 
Golden topminnow Fundulus chrysotus GLT 
Green sunfish Lepomis cyanellus GSF 
Hogchoker Trinectes maculatus HCK 
Ironcolor shiner Notropis chalybaeus ICS 
Lake chubsucker Erymyzon sucetta LKC 
Largemouth bass Micropterus salmoides LMB 
Least killifish Heterandria formosa LSK 
Lined topminnow Fundulus lineolatus LTM 
Longnose gar Lepisosteus osseus LNG 
Margined madtom Noturus insignis MGM 
Marsh Killifish Fundulus confluentus MKF 
Mosquitofish Gambusia affinis  MSQ 
Mud sunfish Acantharchus pomotis MDS 
Mummichog Fundulus heteroclitus MMC 
Notchlip redhorse Moxostoma collapsum NLR 
Pirate perch Aphredoderus sayanus PIP 
Pugnose minnow Opsopoeodus emiliae PNM 
Pumpkinseed Lepomis gibbosus PPS 
Redbreast sunfish Lepomis auritus RBS 
Redear sunfish Lepomis microlophus RES 
Redfin pickerel Esox americanus RFP 
Sailfin molly Poecilia latipinna SFM 
Sailfin shiner Pteronotropis hypselopterus SFS 
Savannah darter Etheostoma fricksium SVD 
Sawcheek darter Etheostoma serriferum SCD 
Snail bullhead Ameriurus brunneus SBH 
Speckled madtom Noturus leptacanthus SPM 
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Spotted sucker Minytrema melanops SPS 
Spotted sunfish Lepomis punctatus SOS 
Swamp darter Etheostoma fusiforme SWD 
Swampfish Chologaster cornuta SWF 
Tadpole madtom Noturus gyrinus TPM 
Tessellated darter Etheostoma olmstedi TSD 
Warmouth Lepomis gulosus WAR 
Yellow bullhead Ameiurus natalis YBH 
Yellow perch Perca flavescens YLP 
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APPENDIX D 
Trophic Guilds 
TROPHIC GUILDS     
GO BO GI BI GIP BIP      
LSK BLB BSS BBD BLC AEL 
LTM FBH CSH HCK BFN  
MKF SBH DKS NLR CHP  
SFM YBH EMM SVD GSF  
MSQ TPM BPS SCD LMB  
GLT SPM ICS SPS LNG  
MMC MGM PNM SWF RBS  
  SFS SWD RFP  
  GLS TSD WAR  
  MDS  YLP  
  DSF  BLG  
  RES  PPS  
  SOS  FLR  
  BDS    
  BBS    
  BLS    
  PIP    
  LKC    
  CCS    
   
                        GO: General omnivore, BO: Benthic Omnivore, GI: General invertivore, BI: Benthic 
                           invertivore, GIP: General invertivore piscivore, BIP: Benthic invertivore piscivore 
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APPENDIX E 
Reproductive Guilds 
 
REPRODUCTIVE GUILDS    
BNB BES BC PWS GS LIVE      
BDS CSH EMM GLT BBD LSK 
BLB CHP PIP SWD SVD MSQ 
BLC CCS SPM SCD  SFM 
BBS DKS TPM TSD   
BLG GLS SWF PNM   
BLS ICS  BSS   
BFN LTM  BPS   
DSF LNG     
FLR NLR     
GSF RFP     
GSF SFS     
LMB SPS     
MDS YLP     
PPS LKC     
RBS      
RES      
SOS      
WAR      
YBH      
FBH      
MGM      
SBH      
RES      
   
                      BNB: Benthic nest builder, BES: Benthic egg scatterer, BC: Benthic crevice,  
                             PWS: Plant/wood spawner, GS: Gravel/Sand, LIVE: Livebearer  
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APPENDIX F 
Habitat Guilds 
 
HABITAT GUILDS  
B NBC NBT AVW    
AEL BDS BSS BPS 
BLB BLC CSH EMM 
BBD BBS DKS PIP 
FBH BLG GLS SWF 
HCK BLS GLT MDS 
MGM BFN LSK  
NLR CHP MKF  
SVD DSF MSQ  
SCD FLR MMC  
SBH GSF PNM  
SPM LMB SFM  
SPS LNG SFS  
SWD PPS ICS  
TPM RBS LTM  
TSD RES   
YBH RFP   
 SOS   
 WAR   
 YLP   
 CCS   
 LKC   
      
                                   B: Benthic, NBC: Non-benthic lower to mid-water column, 
                                       NBT: Non-benthic mid to topwater, AVW: Aquatic vegetation/Wood 
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CHAPTER 4 
 
CAN COASTAL PLAIN ECOBASINS BE AGGREGATED INTO A SINGLE 
SAMPLING UNIT? 
 
Introduction 
The South Carolina stream sampling project was designed to utilize distinct 
sampling units termed ‘ecobasins’.  An ecobasin is a unique sampling unit based on level 
IV ecoregion and drainage basin.  The focus of this thesis has been on three coastal plain 
ecobasins, the ACE Carolina Flatwoods, the Pee Dee Carolina Flatwoods, and the Pee 
Dee Southern Atlantic Loam Plains.  While these coastal plain ecobasins are unique in 
the sense that they are ecoregion and drainage basin specific, at a broader spatial scale, 
environmental stressors and natural drivers may act similarly on these systems.  For 
example, several findings of previous chapters have elucidated similar relationships 
among ecobasins concerning land use, environmental variables, and fish metrics.  
Therefore, the primary objective of this study was to determine if these three South 
Carolina coastal plain ecobasins displayed enough similarities in species relative 
abundance composition, environmental variables, land use, and measured fish metrics to 
be aggregated into a single sampling unit for the purpose of future statistical analyses.  
Aggregation of ecobasins has several distinct logistical advantages.  First, 
aggregation will increase the sample size of sites.  Sample sizes among the three 
ecobasins were unequal because the number of sites selected per ecobasin was based on 
the gross amount of land area that a particular ecobasin encompassed within the state.  
Larger ecobasins were comprised of larger numbers of sample sites.  For example, the 
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ACE Flatwoods had almost twice as many sample sites as either of the Pee Dee 
ecobasins.  Aggregation will be helpful in increasing the total sample size of sites for a 
given study, thereby increasing the level of precision of statistical evaluations, and 
reducing the degree of variability that might be more rampant with smaller sample sizes 
(Field 2005).   
Second, by conducting analyses to determine if aggregation is appropriate, 
researchers can better examine similarities and differences among ecobasins.  For 
example, chapter 3 hypothesized that the ACE Flatwoods sites showed a greater overall 
breadth in ‘pristine” versus ‘degraded’ sites.  During the process of determining if 
ecobasins can be combined, we can verify or debunk these types of statements.  In 
addition, we can look at similarities across ecobasins, further tightening and 
strengthening our knowledge about relationships among land use, abiotic in-stream 
variables and fish metrics in South Carolinas coastal plain.   
Third, aggregation will allow for easier interpretation of the data.  It becomes 
confusing for both researchers and readers to sort through data and results for three 
individual ecobasins, and it would be much easier to look at the coastal plain as a whole 
(or other geographic areas).  The aggregation of coastal plain ecobasins as a single 
sample unit is an overall more intuitive way of examining relationships among land use, 
environmental stressors, and fish community response.  In addition, will also be easier to 
explain and report findings to policy makers and other interested parties to show 
relationships among large intuitive areas of land, rather than going through series of 
relationships within area sub-sets which are not necessarily intuitive in nature.  For 
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example, policy makers will have a much easier time consuming and interpreting data 
that is presented in a ‘this is what’s going on in the coastal plain’ approach. 
This study utilizes non-metric statistical procedures to determine if three coastal 
plain ecobasins display enough similarities in species relative abundance composition, 
environmental variables, land use, and measured fish metrics to be aggregated into a 
single sampling unit.  Results of this study will be used to guide statistical procedures of 
future studies. 
Methods 
Raw abundances of fish species collected at individual sites were transformed into 
relative abundances by dividing the total number of individuals of a given species 
collected at a site by the total number of all individuals collected at the given site.  
Relative abundance data for all sites among all three coastal plain ecobasins were 
combined into a single data base yielding a total of n=79 sites (ACE Carolina Flatwoods 
n=36, Pee Dee Carolina Flatwoods n=23, Pee Dee Atlantic Southern Loam Plains n=20).  
Species were systematically removed from the analysis if they were only captured at one 
site (criteria for removal).  Nonmetric multidimensional scaling (NMS) is an ordination 
method that is well suited to data that are non-normally distributed, and is a method of 
choice for the graphical representation of community relationships (Clarke 1993).  NMS 
was used to create multi-dimensional ordination solutions of relative abundance data (by 
site) for the data set containing all three coastal plain ecobasins (PCORD version 4, MjM 
Software).  The NMS technique calculates Bray-Curtis dissimilarity values for pairs of 
collections as a measure of ecological distance.  The rank orders of dissimilarities 
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(ecological distances) among samples are used to estimate nonlinear relationships in the 
data set.    The NMS method creates an iterative search for the best positions of n entities 
on k dimensions (axes) that minimizes the stress (an inverse measure of ‘fit’ to the data) 
of the k dimensional configuration (McCune and Grace 2002).  The number of 
dimensions necessary to express the variation in the relative abundance data was 
determined by plotting the stress of the solution against the number of dimensions in a 
six-dimensional solution.  Typically, a NMS is evaluated at no more than three 
dimensions (axes).  Monte Carlo tests were conducted to determine if NMS axes were 
significantly stronger that expected by chance from random permutations of data.  The 
NMS yields R² values (Sørensen) associated with relevant axes which provide a criterion 
for evaluating the quality of the data reduction, and an assessment method of determining 
how the variance explained is distributed among axes.  This research focuses on the 
interpretation of the axis (or axes) with the highest R² values, or the highest explanation 
of variance.   
The first series of ordinations produced evaluated the relative abundance of fishes 
by site.  Boundary lines of the three coastal plain ecobasins were superimposed onto 
relevant ordinations in order to determine if the ecobasins overlapped according to 
relative abundance data.  A criterion of sufficient overlap was set arbitrarily at greater or 
equal to fifty percent of ecobasin overlap.  If the three coastal plain ecobasins overlapped 
(≥ 50%), then it could be assumed that species relative abundance composition among 
ecobasins was similar enough to aggregate the three ecobasins as a single sampling unit.   
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 The second series of ordinations examined the distribution of the relative 
abundances of fishes alone.  These ordinations aided in explaining the distribution of sites 
by the relative abundance of species, in the sense that they were the data which drove the 
placement of the sites within the ordinations.  These ordinations were evaluated to 
determine if certain species or groups of species were significant in explaining difference 
or similarity patterns observed among ecobasins.   
 Third, in order to better interpret the ordinations of sites by relative abundance, 
environmental variables, land use variables, and fish metrics were related to the 
ordinations by overlaying a second matrix (composed of environmental variables, land 
use variables, and fish metrics) over the main matrix (ordinations of site by relative 
abundance).  One environmental variable or fish metric variable was overlain at a time, 
and each overlay yielded an associated Kendall’s tau calculation.  Kendall’s tau is a non-
parametric measure of association which ranks relationships between ordination scores 
and individual environmental variables or fish metric variables (McCune and Grace 
2002).  Higher Kendall’s tau values represent stronger associations between relative 
abundance ordinations (by site) and environmental, land use, or fish metric variables.  
Relationships yielding Kendall’s tau values ≥  I 0.1I were deemed to reflect significant 
patterns or relationships.    
Results 
Fish Composition 
 Fifty-four species of fish were collected from 79 sites within the three SC coastal 
plain ecobasins.  Ten of these species were found at only one site, and therefore were 
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eliminated from the analysis (BLC: Pomoxis nigromaculatus, LNG: Lepisosteus osseus, 
LTM: Fundulus lineolatus, MKF: Fundulus confluentus, MMC: Fundulus heteroclitus, 
NLR: Moxostoma collapsum, PNM: Opsopoeodus emiliae, SFM: Poecilia latipinna, 
SVD: Etheostoma fricksium, YLP: Perca flavescens).  Only one of these species, SVD 
(Etheostoma fricksium), was range restricted to a single ecobasin, the ACE Flatwoods.  
The NMS procedure resulted in a three-dimensional solution with 400 iterations and a 
final stress of 11.32852, and a final instability of 0.00038.  Monte Carlo tests (50 
iterations) indicated that each of the three dimensions (axes) were stronger than expected 
by chance permutations of random data, and were significant at the p = 0.01 level.  The 
three axes together explained 90.6% of the variation in the dissimilarity matrix, with axis 
1 accounting for 18.2%, axis 2 accounting for 48.9%, and axis 3 accounting for 23.5% of 
variance in ordination scores.  The NMS ordination solution of relative abundance by site 
indicated that axis 2 (R²=0.489) yielded the best explanation of variance in the data set, 
therefore axis 2 was the focus of interpretation.  Plots of relative abundance by site for 
axis 1 with 2 (Figure 4-1), and axis 2 with 3 (Figure 4-2) depict the ecological distance or 
dissimilarity among the relative abundances of fishes by site.  Sites that are closer 
together have more similar faunal distributions, and sites that are farther apart have less 
similar faunal distributions.  Figures 4-3 and 4-4 display the overlap of sites by relative 
abundance among the 3 coastal plain ecobasins.  There is sufficient evidence to conclude 
that there is a ≥ 50% overlap among the three ecobasins, therefore it can be assumed that 
the three ecobasins can be aggregated as a single sampling unit for the purpose of future 
statistical evaluations. 
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The plot of axis 1 with axis 2 for the relative abundance of species (ordination 
plots of relative abundance rather than by site) showed a distinct separation of three 
groups of species (figure 4-5).  A complete list of South Carolina coastal plain fish 
species and species codes are cited in appendix A.  The first group (A) was comprised of 
several fluvial water column shiner species (SFS: Pteronotropis hypselopterus, CSH: 
Notropis petersoni, DKS: Notropis cummingsae), as well as several benthic darter 
(Percidae) species (TSD: Etheostoma olmstedi, BBD: Percina nigrofasciata), and one 
ictalurid species (SPM: Noturus leptacanthus).  The second group (B) was comprised of a 
variety of species, many of which are typically associated with both naturally occurring 
coastal plain swamp and stream systems (ex. PIP: Aphredoderus sayanus, AEL: Anguilla 
rostrata, RFP: Esox americanus, CCS: Erimyzon oblongus, EMM: Hybognathus regius, 
BPS: Elassoma zonatum, etc) as well as several centrarchid species (WAR: Lepomis 
gulosus, RBS: Lepomis auritus, LMB: Micropterus salmoides, SOS: Lepomis punctatus, 
DSF: Lepomis marginatus, BLG: Lepomis macrochirus).  The third group (C) was 
comprised of several species that were relatively uncommon and/or catadromous (HCK: 
Trinectes maculatus, FBH: Ameiurus platycephalus, LSK: Heterandria formosa), one 
potentially invasive centrarchid species (GSF: Lepomis cyanellus), and the ever abundant 
and cosmopolitan MSQ: Gambusia affinis.    
The plot of axis 2 with axis 3 also showed three dominant patterns of relative 
abundance of species (figure 4-6).  The first group (D) was almost identical to group (C) 
of the former ordination plot.  This group is strongly thought to represent species 
observed/found in ditches, canals, or very open waterways.  The second group (E) was 
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comprised of several benthic species ( TPM: Noturus gyrinus, SPM: Noturus 
leptacanthus, YBH: Ameiurus natalis, AEL: Anguila rostrata, BBD: Percina 
nigrofasciata, TSD: Etheostoma olmstedi), shiner species ( ICS: Notropis chalybaeus, 
DKS: Notropis cummingsae, CSH: Notropis petersoni, SFS: Pteronotropis 
hypselopterus), and few centrarchid species (LMB: Micropterus salmoides, RES: 
Lepomis microlophus, RBS: Lepomis auritus, SOS: Lepomis punctatus) typically found 
in streams that have more or less defined channels and are less-swampy in nature.  The 
third group (F) is comprised primarily of species associated with swamp areas, or areas 
that tend to lose channel form during rain events (RFP: Esox americanus, PIP: 
Aphredoderus sayanus, EMM: Umbra pygmaea, FLR: Centrarchus macropterus).  The 
primary difference between the first (axis 1 with axis 2) and second (axis 2 with axis 3) 
plot was that the second plot failed to isolate the benthic and fluvial specialist group 
represented by group (A), but did distinguish between species that tend to be more 
associated with swamp-like streams (group F).  
A second matrix comprised of environmental variables, land use, and fish metric 
variables (appendix B) was imposed upon plots of axis 1 with axis 2, and axis 2 with axis 
3.  The second matrix overlays helped to elucidate several interesting patterns.  Second 
matrix variables with Kendall’s tau values ≥  I 0.1I are discussed.  Figures 4-7 and 4-8 
depict plots of axis 1 with axis 2, and axis 2 with axis 3 respectively by site.  Figures 4-9 
and 4-10 depict plots of axis 1 with axis 2, and axis 2 with axis 3 respectively by species 
relative abundance.  Second matrix variables with positive relationships to corresponding 
quadrants are listed in the quadrant corners of figures 4-7, 4-8, 4-9, and 4-10.  
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Environmental Variables 
Plot of Axis 1 with Axis 2 
 Sites with greater watershed areas were positioned along the positive end of axis 2 
(Kendall’s tau= 0.210).  Sites with increased velocity were located toward the negative 
end of axis 1 (Kendal’s tau=-0.386).  Sites with increased turbidity were positioned along 
the negative end of axis 2 (Kendall’s tau=-0.129), and the positive end of axis 1 
(Kendall’s tau=0.134).  Sites with increased amounts of coarse organic debris were 
positioned along the positive end of axis 2 (Kendall’s tau=0.248).  Sites with increased 
occurrences of large woody debris were also positioned along the positive end of axis 2 
(Kendall’s tau=.238).   
Plot of Axis 2 with Axis 3 
 Sites with greater watershed areas were positioned along the positive end of axis 2 
(Kendall’s tau= 0.210), and the positive end of axis 3 (Kendall’s tau=0.235).  Sites with 
increased velocity measurements were positioned along the positive end of axis 3 
(Kendall’s tau=0.235).  Sites with increased turbidity were positioned along the negative 
end of axis 2, and the negative end of axis 3 (Kendall’s tau=-0.131).  Sites with increased 
occurrences of coarse organic debris were positioned along the positive end of axis 2.  
Sites with increased occurrences of large woody debris were positioned along the positive 
end of axis 2, and the positive end of axis 3 (Kendall’s tau=0.13). 
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Land Use 
Plot of Axis 1 with Axis 2 
 Sites with increased 2001 forest watershed land use were located along the 
positive end of axis 2 (Kendall’s tau=0.116).  Sites with increased 2001 urban watershed 
land use were positioned along the negative end of axis 1 (Kendall’s tau=-0.141).  Sites 
with increased 2001 urban riparian 100m buffer land use were also positioned along the 
negative end of axis 1 (Kendall’s tau=-0.111).    Sites with minimal loss of forest 
watershed land use change over time (1992-2001) were located in the positive end of axis 
2 (Kendall’s tau = 0.137).  Sites with increased urban watershed land use over time 
(1992-2001) were located towards the negative end of axis 2 (Kendall’s tau=-0.187).  
Sites with increased urban riparian 100m buffer land use change over time were located 
towards the negative end of axis 2 (Kendall’s tau=-0.135).  Conversely, sites with 
minimal loss of forest riparian 100m buffer land use over time were located towards the 
positive end of axis 2 (Kendall’s tau=0.179.   
Plot of Axis 2 with Axis 3 
Sites with increased 2001 forest watershed land use were located along the positive end 
of axis 2.  Sites with increased 2001 urban watershed land use were positioned along the 
positive end of axis 3 (Kendall’s tau=0.105).  Sites with minimal loss of forest watershed 
land use change over time (1992-2001) were located in the positive end of axis 2.  Sites 
with increased urban watershed land use over time (1992-2001) were located towards the 
negative end of axis 2, and the positive end of axis 3 (Kendall’s tau=0.106).  Sites with 
increased urban riparian 100m buffer land use change over time were located towards the 
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negative end of axis 2.  Conversely, sites with minimal loss of forest riparian 100m buffer 
land use over time were located towards the positive end of axis 2, and the negative end 
of axis 3 (Kendall’s tau=-0.204). 
Fish Metrics 
Plot of Axis 1 with Axis 2 
Sites with higher fish richness were located along the positive end of axis 2 
(Kendall’s tau=0.243), and the positive end of axis 1 (Kendall’s tau=0.176).  Sites with 
increased Shannon diversity were also located along the positive end of axis 2 (Kendall’s 
tau=0.391), and the positive end of axis 1 (Kendall’s tau=0.171).  Sites with increased 
relative abundances of restricted range species were also located along the positive end of 
axis 2 (Kendall’s tau=0.173).  Likewise sites with increased guild breadth were also 
located along the positive end of axis 2 (Kendall’s tau=0.224).   
Plot of Axis 2 with Axis 3 
Sites with higher fish richness were located along the positive end of axis 2, and 
the positive end of axis 3 (Kendall’s tau=0.498).  Sites with increased Shannon diversity 
were also located along the positive end of axis 2, and the positive end of axis 3 
(Kendall’s tau=0.212).  Sites with increased relative abundances of restricted range 
species were located along the positive end of axis 2.  Sites with increased guild breadth 
were also located along the positive end of axis 2, and the positive end of axis 3 
(Kendall’s tau=0.410). 
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Discussion and Conclusions 
 The primary focus of this research was to determine if sample sites in three South 
Carolina coastal plain ecobasins displayed enough similarities in species relative 
abundance composition, environmental variables, land use, and measured fish metrics to 
be aggregated for the purpose of future statistical analyses.  NMS results indicated that 
the three ecobasins were, indeed, generally similar in the relative abundance of species, 
environmental variables, land use, and fish metrics, therefore aggregation would be 
appropriate.  However, this is not to say that small differences did not exist among 
ecobasins.  NMS axis 2 yielded the highest explanation of variance in the data set.  When 
plotted against the axis with the least powerful explanation of variance (axis 1), it was 
clear that the ACE Carolina Flatwoods (ecobasin A) had much more breadth in terms of 
relative abundance of species than either of the two Pee Dee Ecobasins (Pee Dee Atlantic 
Southern Loam Plains = Ecobasin B, Pee Dee Carolina Flatwoods= Ecobasin C).  In 
particular, this plot indicated that the relative abundance of several sensitive shiner 
species, darter species, and at least one ictalurid species (group A) were found in 
relatively greater abundance in the ACE Carolina Flatwoods sites than both Pee Dee 
ecobasin sites.  In addition, second matrix overlays indicated that sites corresponding 
with group (A) were characterized by streams within areas of greater watershed area, 
increased coarse and large woody debris, as well as nested within landscapes of increased 
forested watersheds, and minimal forest disturbance or loss over time at both the 
watershed and riparian 100m buffer scale.  These findings reiterate findings cited in 
chapters 2, which indicated that ACE Carolina Flatwoods sites in general had greater 
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percentages of current (2001) forested watersheds and riparian 100m buffers, and 
minimal forest loss over time (1992-2001) at both the watershed and riparian 100m 
buffer scale in comparison to both of the Pee Dee Ecobasins, and that several of these 
aspects of land use displayed relationships with increased occurrences of coarse and large 
woody debris.  In contrast, the plot of axis 1 with axis 2 showed both Pee Dee ecobasins 
to have generally less breadth in terms of relative abundance than the ACE Carolina 
Flatwoods.  The ordinational space occupied by both Pee Dee ecobasins was very similar, 
however it could be argued that the Pee Dee Carolina Flatwoods displayed less breadth in 
terms of relative abundance than the Pee Dee Atlantic Southern Loam Plains.  This 
reiterates findings of Chapter 3, which indicated that both Pee Dee ecobasins had 
decreased richness, Shannon diversity, restricted range relative abundance, and guild 
breadth as compared to the ACE Carolina Flatwoods. 
Differences in relative abundance across ecobasins were generally minimal in 
comparison when observing the plot of axis 2 with axis 3 (axis 3 had a slightly higher 
explanatory power than axis 1).  In this plot, the ACE Carolina Flatwoods still had the 
most breadth in terms of the relative abundance of species, however there was 
significantly more overlap among the three ecobasins than observed in the plot of axis 1 
with axis 2.  In general, the ACE Carolina Flatwoods appeared to again have greater 
relative abundances of several benthic species (SPM: Noturus leptacanthus, TPM: 
Noturus gyrinus, YBH: Ameriurus natalis, BBD: Percina nigrofasciata), and sensitive 
shiner species (ICS: Notropis chalybaeus, SFS: Pteronotropis hypselopterus).  However, 
this plot showed that both of the Pee Dee ecobasins also encapsulated sites representing a 
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large and diverse majority of fishes captured within groups (D), (E), and (F).  Second 
matrix overlays indicated that the ACE Carolina Flatwoods appeared to have more sites 
representing streams with less disturbed forest land use and increased coarse and large 
woody debris.  In comparison, both Pee Dee ecobasins appeared to have less breadth of 
sites representing less disturbed forest land use and increased coarse and large woody 
debris.  These findings may indicate and reiterate the postulation stated in chapter three 
that the ACE Carolina Flatwoods sites generally had a higher diversity of both ‘pristine’ 
and ‘degraded’ sites than either of the Pee Dee ecobasins, which appeared to be more 
uniformly degraded.  However, it is very possible that these differences exist because the 
original site sample size of the ACE Carolina Flatwoods was comprised of almost double 
the number of sites sampled in either of the Pee Dee Ecobasins. 
Both plots of axis 1 with axis 2, and axis 2 with axis 3 showed a dense clustering 
of sites represented by all three ecobasins (near zero of axis 1 on plot of axis 1 with axis 
2, and near zero of axis 3 on plot of axis 2 with axis 3) that corresponded to increased 
relative abundances of relatively rare, HCK (Trinectes maculatus) and LSK (Heterandria 
formosa), the invasive GSF (Lepomis cyanellus), but most importantly to increased MSQ 
(Gambusia affinis) abundance.  Second matrix overlays for both plots indicated that these 
dense clustering of sites were related to streams with increased turbidity, increased 
velocity, decreased coarse and large woody debris, as well as increased 2001 urban 
watershed and riparian 100m buffer land use, and increased urban land development or 
change over time at both the watershed and riparian 100m buffer scale.  These clusters of 
sites are strongly thought to represent sites that were relatively degraded ditches or open 
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canals.  Streams within urban landscapes are commonly piped or routed into straightened 
canals or ditch systems that are commonly characterized by both increased turbidity, and 
increased velocity (Paul and Meyer 2001).  Also these types of streams tend to have less 
coarse and large woody debris inputs (Larson et al. 2001, Wheeler et al. 2005; also found 
in Chapter 2).  The majority of sites sampled across all three ecobasins were clustered in 
this area of ordinational space, however both Pee Dee basins appeared to have more 
focus on this area than the ACE Flatwoods which also occupied much space away from 
these dense clusters. 
The plot of relative abundance of fishes for axis 1 with axis 2 showed a large 
group of species (group B) that represented the majority of fishes captured.  All measured 
fish metrics were, intuitively, positively related to this group.  Each of the three ecobasins 
had an overlapping multitude of sites related to group B. Second matrix overlays showed 
that these sites were related to increased current (2001) forest watershed land use and 
minimal forest disturbance or loss over time at both the watershed and riparian 100m 
buffer scale.  The plot of relative abundance of fishes for axis 2 with axis 3 showed 
nearly the same group of fishes as split into two separate groups (group E and group F).  
Group E appeared to be comprised of fishes such as centrarchids, shiners, ictalurids, and 
other fishes that were commonly found in naturally occurring defined channels (less 
swampy areas).  Second matrix overlays indicated that these fishes were associated with 
increased watershed area and increased coarse and large woody debris.  The second 
group, group F was slightly different in composition, in that it seemed to represent more 
traditional ‘swamp’ species, such as RFP (Esox americanus), FLR (Centrarchus 
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macropterus), EMM (Umbra pygmaea), PIP (Aphredoderus sayanus), etc.  Second 
matrix overlays indicated that these fishes were associated with areas of minimal change 
in forested land use at both the watershed and riparian 100m buffer scale over time.  
Future studies may want to incorporate geomorphic stream cross-sectional variables in 
order to discern differences among sites with streams channels that have flood plain 
access, incised channels, and swamps.  The incorporation of information concerning the 
geomorphic ‘type’ of stream system a site represents may aid in interpreting the 
occurrence and distribution of fish species found among sites. 
Despite small differences among ecobasins, in general the trend seemed to be that 
all three ecobasins had a variety of sites with differential environmental, land use, and 
fish compositions.  In general, the ACE Carolina Flatwoods appeared to have the largest 
breadth of site and stream conditions.  It is recommended that future analyses aggregate 
the three coastal plain ecobasins for the purpose of statistical analyses.  There is no 
indication that aggregation will alter the validity of results relating fish assemblage 
composition to in-stream environmental conditions or to terrestrial land use variables. If 
anything, aggregation of ecobasins will increase the accuracy and precision of predictive 
statistics, by increasing the overall sample size.  Future analyses conducted on the 
aggregated ecobasins should yield relationships that are more accurate and reliable, in a 
predictive sense. 
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Figure 4-1.  NMS ordination plot of axis 1 with axis 2 for relative abundance of  
                    species by site. Axis 1 accounted for 18.2% (R²=0.182) of the variation in  
                    the dissimilarity matrix, and axis 2 accounted for 48.9 % (R²=0.489) of  
                    the variation in the dissimilarity matrix. Sites A= ACE Carolina  
                    Flatwoods ecobasin, B=Pee Dee Atlantic Southern Loam Plains  
                   ecobasin, and C= Pee Dee Carolina Flatwoods ecobasin. 
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Figure 4-2.  NMS ordination plot of axis 2 with axis 3 for relative abundance of 
                    species by site. Axis 2 accounted for 48.9% (R²=0.482) of the variation in  
                    the dissimilarity matrix, and axis 3 accounted for 23.5 % (R²=0.235) of  
                    the variation in the dissimilarity matrix. Sites A= ACE Carolina 
                    Flatwoods ecobasin, B=Pee Dee Atlantic Southern Loam Plains  
                    ecobasin, and C= Pee Dee Carolina Flatwoods ecobasin. 
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Figure 4-3.  NMS ordination showing the overlap of ecobasins based on relative  
                     abundance of species by site for axis 1 with axis 2.  Boundaries of  
                     individual coastal plain ecobasins are delineated by lines of different  
                     colors.  The ACE Carolina Flatwoods is delineated by red, the Pee Dee  
                     Atlantic Southern Loam Plains is delineated by blue, and the Pee Dee 
                     Carolina Flatwoods is delineated by green. 
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Figure 4-4.    NMS ordination showing the overlap of ecobasins based on relative  
                       abundance of species by site for axis 2 with axis 3.  Boundaries of  
                       individual coastal plain ecobasins are delineated by lines of different 
                       colors.  The ACE Carolina Flatwoods is delineated by red, the Pee Dee 
                       Atlantic Southern Loam Plains is delineated by blue, and the Pee Dee 
                       Carolina Flatwoods is delineated by green. 
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Figure 4-5.  NMS ordination plot of the relative abundance of species for all three 
                    coastal plain ecobasins for axis 1 with axis 2.  Three distinct groups of 
                    species are represented by clusters A, B, and C.  Group A represents  
                    species that are water column shiner species, and several benthic darter 
                    and madtom species.  Group B represents a wide variety of species that 
                    are commonly associated with both streams with defined channels and 
                    streams with swamp-like conditions. Group C represents species that  
                    were relatively uncommon and/or catadromous, and MSQ: (Gambusia  
                    affinis). 
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Figure 4-6.  NMS ordination plot of the relative abundance of species for all three  
                     coastal plain ecobasins for axis 2 with axis 3.  Three distinct groups of  
                     species are represented by clusters D, E, and F.  Group D represents 
                     species that were relatively uncommon and/or catadromous, and MSQ: 
                    (Gambusia affinis), group E represents species that are typically found 
                     in streams with defined channels and are less-swampy in nature, and  
                     group F represents species that are commonly associated with swamp- 
                     like stream conditions. 
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Figure 4-7. NMS ordination of relative abundance of species by site for axis 1 with 
                    axis 2.  Ecobasins are delineated by color.  The ACE Carolina Flatwoods 
                    is delineated by red, the Pee Dee Atlantic Southern Loam Plains is  
                    delineated by blue, and the Pee Dee Carolina Flatwoods is delineated by  
                    green. Second matrix variables with positive relationships with axes 1 or  
                    2 (or both) are listed in corresponding quadrant corners. 
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Figure 4-8. NMS ordination of relative abundance of species by site for axis 2 with 
                    axis 3.  Ecobasins are delineated by color.  The ACE Carolina Flatwoods  
                    is delineated by red, the Pee Dee Atlantic Southern Loam Plains is 
                   delineated by blue, and the Pee Dee Carolina Flatwoods is delineated by  
                   green. Second matrix variables with positive relationships with axes 2 or 
                   3 (or both) are listed in corresponding quadrant corners. 
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Figure 4-9. NMS ordination plot of the relative abundance of species for all three  
                    coastal plain ecobasins for axis 1 with axis 2.  Three distinct groups of  
                    species are represented by clusters A, B, and C.  Second matrix  
                    variables with positive relationships with axes 1 or 2 (or both) are listed  
                    in corresponding quadrant corners. 
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Figure 4-10. NMS ordination plot of the relative abundance of species for all three  
                      coastal plain ecobasins for axis 2 with axis 3.  Three distinct groups of 
                      species are represented by clusters D, E, and F.  Second matrix  
                      variables with positive relationships with axes 2 or 3 (or both) are listed  
                      in corresponding quadrant corners. 
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APPENDIX A 
South Carolina coastal plain species and species codes 
Common Name Scientific Name Code 
American eel Anguilla rostrata AEL 
Banded pygmy sunfish Elassoma zonatum BPS 
Banded sunfish Enneacanthus obesus BDS 
Black bullhead Ameiurus melas BLB 
Black crappie Pomoxis nigromaculatus BLC 
Blackbanded darter Percina nigrofasciata BBD 
Blackbanded sunfish Enneacanthus chaetodon BBS 
Bluegill Lepomis macrochirus BLG 
Bluespotted sunfish Enneacanthus gloriosus BLS 
Bowfin Amia calva BFN 
Brook silverside Labidesthes sicculus BSS 
Chain pickerel Esox niger CHP 
Coastal shiner Notropis petersoni CSH 
Creek chubsucker Erimyzon oblongus CCS 
Dollar sunfish Lepomis marginatus DSF 
Dusky shiner Notropis cummingsae DKS 
Eastern mudminnow Umbra pygmaea EMM 
Flat bullhead Ameiurus platycephalus FBH 
Flier Centrarchus macropterus FLR 
Golden shiner Notemigonus crysoleucas GLS 
Golden topminnow Fundulus chrysotus GLT 
Green sunfish Lepomis cyanellus GSF 
Hogchoker Trinectes maculatus HCK 
Ironcolor shiner Notropis chalybaeus ICS 
Lake chubsucker Erymyzon sucetta LKC 
Largemouth bass Micropterus salmoides LMB 
Least killifish Heterandria formosa LSK 
Lined topminnow Fundulus lineolatus LTM 
Longnose gar Lepisosteus osseus LNG 
Margined madtom Noturus insignis MGM 
Marsh Killifish Fundulus confluentus MKF 
Mosquitofish Gambusia affinis  MSQ 
Mud sunfish Acantharchus pomotis MDS 
Mummichog Fundulus heteroclitus MMC 
Notchlip redhorse Moxostoma collapsum NLR 
Pirate perch Aphredoderus sayanus PIP 
Pugnose minnow Opsopoeodus emiliae PNM 
Pumpkinseed Lepomis gibbosus PPS 
Redbreast sunfish Lepomis auritus RBS 
Redear sunfish Lepomis microlophus RES 
Redfin pickerel Esox americanus RFP 
Sailfin molly Poecilia latipinna SFM 
Sailfin shiner Pteronotropis hypselopterus SFS 
Savannah darter Etheostoma fricksium SVD 
Sawcheek darter Etheostoma serriferum SCD 
Snail bullhead Ameriurus brunneus SBH 
Speckled madtom Noturus leptacanthus SPM 
 184
Spotted sucker Minytrema melanops SPS 
Spotted sunfish Lepomis punctatus SOS 
Swamp darter Etheostoma fusiforme SWD 
Swampfish Chologaster cornuta SWF 
Tadpole madtom Noturus gyrinus TPM 
Tessellated darter Etheostoma olmstedi TSD 
Warmouth Lepomis gulosus WAR 
Yellow bullhead Ameiurus natalis YBH 
Yellow perch Perca flavescens YLP 
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APPENDIX B 
Second Matrix Variables: Environmental Variables, Land Use Variables, 
and Fish Metrics 
 
 
Environmental Variables 
Elevation (m) 
Watershed Area (km²) 
Average Velocity (m/sec) 
Turbidity (NTU) 
Percent Fine Organic Debris 
Percent Coarse Organic Debris 
Percent Large Woody Debris 
 
Land Use Variables 
2001 Urban Watershed Land Use 
2001 Forest Watershed Land Use 
2001 Urban Riparian 100m Buffer Land Use 
2001 Forest Riparian 100m Buffer Land Use 
Urban Watershed Land Use Change over Time (1992-2001) 
Forest Watershed Land Use Change over Time (1992-2001) 
Urban Riparian 100m Buffer Land Use Change over Time (1992-2001) 
Forest Riparian 100m Buffer Land Use Change over Time (1992-2001) 
 
Fish Metrics 
Richness 
Shannon Diversity 
Restricted Range Relative Abundance 
Guild Breadth 
 
